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PREFACE 

TO THB 

NEW AND ENLARGED EDITION. 

SiNCB the Third Edition (1884) I have not made any 
alteration in the text or illustrations, but the time 
has now arrived when, owing to the constant progress 
in Histology, several points have become clearer and 
considerably advanced. Thus in the question of the 
division of the nucleus, then of recent origin, many 
valuable and exact observations have brought this to 
a much better understanding. Likewise the termin- 
ation of nerves in the epithelium and epidermis seems 
to become more settled. Though the absorption of 
chyle by the mucous membrane of the small intestine 
has been the subject of several researches, only quite 
recently the investigations by Heidenhain may be said 
to have brought jbhis question to a fairly satisfactory 
conclusion. 

The termination of the nerve fibres in striped mus- 
cular tissue has by Kiihne's recent researches been 
considerably advanced; and in the chapter on the 
structure of striped muscular tissue I have adopted 
Rollett's recently published views. Other minor 
alterations will also appear 'as we proceed. 

Several new illustrations have been added, and some 
of those of the previous edition have been replaced by 
more satisfactory ones. In connection with these I 
have to draw particular attention to the very excellent 
photographs made by Mr. Andrew Pringle, and shown 
in Figs. 33, 44, 106, 122, 123, 130, 131, 132, 149, 
and 152. These are, I believe, the only really good 
histological microphotographs that have as yet been 
published in any text-book. 

E. KLEIN. 

February, 1889. 
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1 The npe ovnm (Fig 1) of luan and mammale 
w a minute spherical mass of a soft gelatinous, trans, 
parent granular looking substance containing nume- 
rous minute particles — yolk 
globule'*. It la invested 
by a. radially striated dcli 
cate membrane called the /«' ^-j, 

zona pellucida. Inside this 
mass and situated more or , 
less excentncaJly is a vehicle 
— the germ inal vesicle — 
and inside this one or moie 
solid spots — the qprtnvna} 
spot or spots The gela- ^'n ' -^'p* """» ** ^"^ 
tinous transimrent substance *^e5§el ftproioiS^.™' 
of the ovum, containing a 

very large percentage of proteid material, is called 
PrniojdiMm. Before and immediately after fertilisa- 
tion, the protoplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous— i.e., not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between jj^ and yjjj of an inch. But 
before it ripens the ovum is considerably smaller — in 

B— 1 
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faot^ its size is in proportion to ite state of develop- 

2. Fertilisation causes marked cha,nges in the 
contractions of thn i)rotoplasm of tlie ovum ; these 




r -^ 
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lead to cleavage or division of its body into two parts, 
the germinal vesicle having previoiisly split op into 
two bodies or nuclei ; so that we now find the ovum 



^ 



-nffVy 




Pig:. S.— From a Sectian tl>roagh the EDdiment of the Embryo Chiok 

has originated two new elements, each of which con- 
aiats of protoplasm, of tjie same substance as that of 
the original ovum, and each contains one nucleus or 
kernel The investment of the ovum takes no part in 



this process of diTision. Not long after, each of the 
two daughter elements undergoes cleavage or division 




into two new elements the nucleus having preMousIy 
divided into two, so that each of the new ofispnngs 
possesses its cun nucleus. This process of diMsion is 
continued in the same manner for many generations 
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(Figs. 2, 3, 4), so that after a few days we find 
within the original investment of the ovum a large 
number of minute elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, wliich become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its mfembranes are formed. It can 
be easily shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again, their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- * 
pletely resemble those lowest organisms which are 
known as amcebse, each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed amceboid movement. It can be further 
shown that they, like amoebae, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals. 

4. Although for some time during embryonic life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractility in any marked degree. At birth only the 
white corpuscles of the blood and lymph, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it, 
or at any rate do not show it except when dividing 
into two new elements. Some of these elemente 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and is 
capable of giving origin by division to a new genera- 
tion. Others, however, change their nature altogether, 
their protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — 6.^., 
collagenous, osseous, elastic, and other substances. 

5. Beginning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which with Schwann we call cells and with Briicke 
elementary organisms. Of these it can be said that 
not only is each of them derived from a cell (Virchow : 
omnis cellula a cellula), but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 




Fig. 5.— Amoeboid movement of a White Blood Corpuscle of Man ; 
various phases of movement. (Handbook.) 

is without any investing membrane, ^and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. All of them in an early stage of 
their life histoiy, and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement ^Fig. 5.) 

Cells differ in shape according to kind, locality, 
and function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conical. These various shapes will be more 
fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits : from the size of a 
small white blood corpuscle of about ^ toit ^^ ^^ "^^^ 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -^^ of an inch, or to that of a 
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multinucleated cell of the bone marrow — myeloplax — 
sopae of which surpass in size even the ganglion cells. 
The same holds good of the nucleus. Between the 
nucleus of a ganglion cell of about ^J^ to y^Vxr ^^ ^"^ 
inch in diameter and the nucleus of a white blood 

corpuscle of about -^jy^s ^^ loooo ^^ *^ ^^^ ^^^ ^®^s 
there are all intermediate sizes. 

6. Protoplasm is a transparent homogeneous or 
granular-looking substance. On very careful examina- 
tion with good and high powers, and especially when 
examined with certain reagents, in many instances it 
shows a more or less definite structure, composed of 
fibrils, more or less regular, and in some instances 
grouped into a honeycombed or fibrillar reticulum 
in the meshes of which is a homogeneous interstitial 
substance (Heitzmann). The closer the meshes of the 
reticulum, the less there is of this interstitial substance, 
and the more regularly grauular does it appear. In the 
meshes of the reticulum, however, may be included 
larger or smaller granules of fat, pigment, or other 
material. Water makes protoplasm swell up, and 
ultimately become disintegrated ; so do dilute acids 
and alkalies. All substances that coagulate proteids 
have the same effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is composed of a more or less distinct invest- 
ing cuticle and the nuclear contents ; the former is 
the nuclear membrane, the latter the nuclear svJb- 
stance. This, again, is composed of a stroma or 
nuclear iietwork and the interstitial substance. The 
network consists of fibrils of various thickness and 
trabeculjfi or septa more or less irregular in thickness 
and length. Intimately connected with the network 
are angular or rounded masses called nu^cleoli. The 
number and size of these vary considerably ; in 
young nuclei they may be large and numerous, in 
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adult or resting nuclei they are few, and in those 
about to divide they are altogether absent. Also the 
network is subject to great variation \ while in adult 
or resting nuclei, and particularly those about to 
divide, the network is of great uniformity and well 
developed, it may be very imperfect in young nuclei, 
in which it is sometimes represented by a number of 
irregular masses joined by short bridges. The more 
perfect the nuclear network, the fewer are the 
nucleoli. Owing to the ready manner in which the 
librils of the nuclear network take up certain dyes, 
they are called Chromatin; while the interstitial 
substance not ])ossossed of this character is called 
Ackro matin. But this distinction holds good only to 
adult or resting nuclei ; for in young nuclei the 
whole nuclear contents may possess this affinity for 
the same dyes, and iu this case the whole nucleus 
becomes uniformly stained. The nuclear membrane 
is a condensed outer stratum of the nuclear network 
At the commencement of the division of the nucleus 
the membrane disappears. 

In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
cell substance. In the moving white blood corpuscles 
Strieker and linger have seen the nucleus becoming 
one with the cell substance, and again afterwards 
differentiated by the appearance of a membrane. 

8. During division of the cell the nucleus 
generally divides before the cell protoplasm. This 
division of the nucleus was until lately supposed 
to occur in the sauie manner as that of the cell pro- 
toplasm — i.e., by simple cleavage. This mode is called 
the direct division, or Remak's mode of division. 
In this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
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necessarily indicate direct division, because, being 
very soft structui«H, pi-essure exerted from outside, or 
the motion, of the cell protoplftsm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may, and occasionally has been obsevved to, cause 
these changes of shape. From tlie observations of 
Schneider, Biitschli, Fohl, Strassbitrger, Mayzel, van 
Beneden, Schleicher, Flemming, Rabl, and others, it 




is known tbat in the embryo and adult, in vertebrates 
and invertebrates, in all kinds of cells, both in the 
normal as well as morbid condition, the division of 
the cell protoplasm is preceded by complex changes 
of the nuclear stroma, leading to the division of the 
nucleus, Thesum-totalof these changesis called indirect 
division, karyokineais (Schleicher) or kaiyomitosis* 

* Schleicher ootioeil thnt the fibrils during this proceea shov 
movement ; hence the name Karyokinesis. Mitosii iodicatea the 
grouping and clianges of the fibrile (^iruc ^ fihril). 
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(Fleninnng). Where this pi^ocesa occurs in its com- 
plete and typical form, the network passes through 
the following phases (Flemming, Rabl) : — 

1. Convolutimt or spireme; the fibrils of the 
nuclear network become free as it weie and bent 
and twisted at hist into a dense afterwards into 
a loose convolution, the fibiijs beioniin^ slioi-ter 
thicker, and less twisted and more like loop^ Ihese 



'C 



latter bj tran<!\er'(e division increase in number and 
at the same time become sini|ile Tlie whole nucleus 
IS lai^er than before 

2 Length division of the loops each loop giiing 
origin to a pair of stater loops ai ranged more or lebs 
like a roaelte or loreatlt 

3 T\iS miehar tpindh a spindle shaped arrange 
went of fine threads of a«hiomatin eittending between 



JO Elements of Histology, [Chap. i. 

two points of the cell protoplasm ; these points are 
called the 'poles^ and the line midway between them — 
i.e., at the broadest part of the spindle — is called the 
equator. At the poles the threads of the spindle are 
connected with a set of radiating fibrils of the cell 
protoplasm — the suns. The above sister -loops so 
arrange themselves about the equator of this spindle 
as to form a star — the motlver-star^ irwnasier, or aster. 
Ill this arrangement the vertex of the loops is directed 
inwards, the open limbs outwards. Seen in profile 
the aster would appear like a narrow plate — the 
nuclear piate. 

4. Metakinesis : Of each pair of sister - loops 
forming the aster one loop migrates towards one, tiie 
other towards the other pole of the spindle, the 
vertex always leading. 

5. Diaster : arrived at the pole, the loops form 
again an aster or daughter-star for each pole. 

6. Dispireme: the threads of each star become 
convoluted. 

Now follows usually the division of the cell pro- 
toplasm in the line of the equator of the spindle. 

7. In the last phase all traces of the spindle are 
lost j a membrane appears around each of the two 
new nuclei, and the threads of the dispireme become 
branched and connected into a network. 

From the foregoing it is clear that during di\'ision 
an intimate fusion between cell protoplasm and 
nucleus takes place : (a) by the fusion of the nuclear 
interstitial substance with the cell protoplasm after 
the disappearance of the nuclear meiubrane ; and (6) 
in the nuclear spindle, whose threads at the poles are 
joined to filaments of the cell protoplasm. 

In some cases the process of karyomitosis has been 
found to be atypical, inasmuch as some of the above 
phases are left out, as it were ; while in other cases 
the nuclear division takes place already during the 
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earlier phases — e.g.^ in the phase of the spireme. 
When the nucleus divides into two or three or more 
nuclei without the cell protoplasm also undergoing 
division, a cell with two, three, or more nuclei is the 
result. 

Multiplication of the nucleus by budding and 
direct fission has also been observed, but it is quite 
possible that this process is only as a sort of imperfect 
and abnormal karyomitosis. 

This mode probably plays a more important part 
than the typical karyomitosis, whenever a rapid mul- 
tiplication and reproduction is necessary. Thus, for 
instance, while in the epithelium cells covering the 
anterior surface of the normal cornea of the newt and 
frog, here and there a nucleus can be seen which 
shows the process of typical karyomitosis, such forms 
cannot be found in cases of rapid regeneration of that 
epithelium. For example, after removing the whole 
thickness of the anterior epithelium from the middle 
part of the cornea, a rapid multiplication of the epi- 
thelium cells takes place, starting from those imme- 
diately around the defect ; in consequence of this, 
in two to three days the defect becomes again 
quite covered with the new epithelium. Now, ex- 
amining the epithelium cells at the margin of the 
defect, as well as those gradually pushed over and 
covering the defect, none of the nuclei are found in 
any of the phases of typical karyomitosis ; while a 
few days later, after the defect is covered by the new 
epithelium, there is no difficulty in finding nuclei in 
one or another phase of the typical karyomitosis. 



12 



CHAPTER II. 

BLOOD. 

9. Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasma, in which 
float vast numbers of formed bodies, the hhod cor- 
pusclcs. The great majority of these are coloured: 
a few of them are colourless. The latter are called 
white or colourless blood corpuscles, or leucocytes. 
The former are called red or coloured blood corpuscles, 
or blood-discs. They appear red only when seen in a 
thick layer ; when in a single layer they appear of a 
yellow-gi'eenish colour, more yellow if of arterial, 
more green if of venous blood. The proportions of 
plasma and blood corpuscles are sixty-four of the 
fonner and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been found 
that there are a little over five millions of blood cor- 
puscles in each cubic millimetre (tt|tt ^^ ^ cubic inch) 
of human blood. There appears to be in healthy 
buman blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red blood corpuscles (Fig. 8) of man 
and mammals are homogeneous bi-concave discs (except 
in the camelidae, where they are elliptical), and do not 
possess any nucleus. Being bi-concave in shape, they 
are thinner and more transparent in the centre than 
at the periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the himian red blood corpiisclos is 
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A B ^*^C 

Fig. 8.— Yorioas kiuds of Bed Blood 
Corpuscles. 

A, Two human, one seen flat, the other 
edgeways: b, a red corpuscle of the 
camel ; c, two red corpuscles of the frog, 
one seen from the broad, the other from 
the narrow side. 



about -goV^ of an inch on the broad, and their thick- 
ness about 1:2^00 o^ ^"^ \nf^. But there are always 
corpuscles present which are much smaller by about 
one-third to one-half 
than the others. In 
normal blood these 
small red corpuscles 
are scarce ; in certain 
abnormal conditions, 
especially anaemia, or 
poorness of blood, they 
are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the average diameters of the red 
blood corpuscles of various vertebrates : — man, 3-2^00^ ; 
<iog, 3 aV^ ; cat, ^^0*00 ; sheep, ^Vo ; elephant, ^iV 6 ; 
horse, ^^Vo \ n^^sk deer, yrirT ) pigeon, -^^Vr ; ^^d, 
ToW ^ ^®w^» 8TT i proteus, ^i^ ; pike, ^^ ; shark, 

1 1 . In a microscopic specimen of fresh unaltered blood 
(Fig. 9) the red blood corpuscles form peculiar shorter 

or longer rolls, like so 
many coins, from be- 
coming adherent to one 
another by their broad 
surfaces. Under various 
conditions — such as 
when isolated, or when 

^i**K .0^^^ ^^MST ^^^^ ^ diluted with sa- 

AJ ^W IK line solution or solutions 

V Mtsso^n Qf other salts (sulphate of 

sodium or magnesium) 
— the corpuscles lose 
their smooth circular 
outline, shrinking and 
becoming crenate (Fig. 10, a). In a further stage of this 
process of shrinking they lose their discoid form, and 




Pig. 9. —Human Blood, fresh. 

, Rouleaux of red corpuscles j b, isolated 
red corpuscle seen in profile; o, iso- 
lated red corpuscle seen flat ; d, white 
corpuscles. 
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become smaller and spherical, but beset all over their 

surface with minute processes. This shape is called the 

home-clisgtmtt sJiape {Fig. 1 0, 6, c). It is pro 

Q f\ bably due to the corpuscles losing carbonic 

acid, as its addition brings hack their discoid 

shape and smooth circular outline. On ab- 

V V atracting the carbonic acid they return to 

* the horse-chestnut sliape. Water, acid, 

'1i«i~ auS alcohol, ether, the electric current, and 

o-crmMi"^ i*!! '"^''7 otiier reageiits, producc discoloratioQ 

fcflw^cbirtuol Qf tiig reij blood corpuscles ; tiie coloured 

matter — generally the combination of 

the blood-colouring matter with globulin known as 

/iamofflobin — becoming dissolved in the plasma 

What is left of the corpuscles is ' called the 

stroma. In newts' and frogs' blood a separation of 

the stroma from 
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nucleus and hsemoglobin 

can be effected by means " j , \.i sjy i 

ofboracicacid(Fig.ll,B); V O * ^-^ 

the former is called by \ J d 



Ftg:, 11.— Ead Blood Corpuscles ol 
MumndN nt. 



Briicke the CEkoid, the 
latter Zooid. This stroma 
contains an ongst < 
things much pa a- us 

globulin. The st oma 

of the corpuscles of n " 

amphibians in seen rn m u 

under certain reagenta """^ 

to be of a reticulated 

structure, but in tlie fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can also be observed tO take place in blood 
without the addition of any reagents or with that of 
indifferent fluids, such as the aqueous humour of the 
eye, hydrocele finid, etc. The number of corpuscles 
undergoing discoloration is, however, smalL 
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When blood is diiecl on a glass in a thin film, 
the corpuscles, forming a single layer only, dry on 
before they shrink, and thus retain their natural size 
and outline ; their stroma can then be easily stained 
with anilin dyes. 

12. The tiiemog'lobiii of the red blood corpuscles 
forms crystals (Fig. 12), which diftbr in shape in 
various mammals. 
They are always 
of microscopic size, 
and of a bright red 
colour. In man 
and most mammals 
they are of the 
shape of prismatic 
needles, or rhom- 
bic plates; in the 
squirrel they are 
hexagonal plates^ 
and in the guinea- 
pig they are tetrahedral or octahedral. 

The blood pigment itself is an amorphous dark- 
brown or black powder — the hoematin ; but it 
can be obtained in a crystalline form as hydro- 
chlorate of h8ematin(Fig. 13). Tliese crystals 
also are of microscopic size, of a nut-brown 
colour, of the shape of narrow rhombic 
plates, and are called hcemin crystals, or 
mmcryltait TeicJimann^s crystals. In extravasated 
human blood crystals of a bright yellow 
or orange colour are occasionally met with ; they are 
called by Virchow, their discoverer, hcematoidin. 
They are supposed to be identical with bilirubin, 
obtainable from human bile. 

13. The white or colourless blood cor- 
puscles are in human blood of about ^^00 ^^ ^tVo 
of an inch in diameter, and are spherical in the 



Fig. 12. — Hcemoglobin crystals. 
A, Of guinea-pig ; b, of squirrel ; c, d, human. 



^Tf 



1 6 Elements of Histology, [Chap. ii. 

circulating blood or in blood that has just been 
removed from the vessels. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or smaller bright granules. These granules, though 
usually of a fatty nature, are in some kinds of 
blood, notably horses*, of a reddish colour, anii 
these corpuscles are supposed by some observers 
(Semmer and Alexander Schmidt) to be inter- 
mediate between red and white corpuscles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Ranvier, Schafer). In the blood of the 
lower vertebrates the colourless corpuscles are much 
larger than in mammals. But in all cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movement. This may be 
observed in corpuscles without any addition to a 
fresh microscopic specimen of blood, but it always 
becomes much more pronounced on applying artificial 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorter 
filamentous processes, which may gradually lengthen 
or be withdrawn, appearing again at anothei' point 
of the surface. The corpuscle changes its position 
either by a flowing movement of its protoplasm as a 
whole, thus rapidly creeping along the field of the 
microscope, or it may push out a filamentous process 
and shift the rest of its body into it. During this 
movement the corpuscle may take up granules from 
the suiTounding fluid. 

14. The white corpuscles of the same sample of 
blood difier in size and aspect within considerable 
limits, some being half the size of others, some much 
paler than others. The smaller examples generally 
possess one nucleus occupying the greater part of the 
corpuscle, the larger ones usually include two, three, 
or even more nuclei, and show more decided 
amoeboid movement than the others. Division by 
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cleavage of the white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
Ranvier. 

15. In every microscopic specimen of the blood 
of man and mammals are found a variable number 
of large granules, more or less argalar, singly or in 
groups, which have been specially studied by Osier. 
According to Bizzozero, they are present 

already in the living and fresh blood, (^ a 
as pale, circular, or slightly oval discs ^ Q 
(Fig. 14, 6). Their size is only ^ to J O 
of that of the red blood corpuscles. h 

They are called by him hlood plates, and © ^ 
he supposes them to be of essential im- ^*^* b'i^I""*" 
portance in the coagulation of the blood, «. ^igjl^,^ 
originating the fibrin ferment. Hayem ^5^ »' ^^»»- 
described them previously as being in- 
termediate forms in the development of red blood 
corpuscles, and called them haematoplasts. . 

16. Development of Blood Corpuscles. — 
At an early stage of embryonic life, when bloorl makes 
its appearance it is a colourless fluid, containing only 
white corpuscles (each with a nucleus), which are de- 
rived from certain cells of the mesoblast. These white 
corpuscles change into red ones; the protoplasm becomes 
homogeneous and yellow ; then it assumes a flattened 
shape, and is in reality a coloured blood corpuscle con- 
taining a pale nucleus. All through embryonic life new 
white corpuscles are transformed into red ones. In 
the embrj'o of man and mammals these red corpuscles 
retain their nuclei for some time, but ultimately lose 
them. New red blood corpuscles are, however, formed 
by division of nucleated red corpuscles. Such division 
has been observed even in adult blood of lower verte- 
brates (Peremeschko) as well as in mammals. 

An important source for the new formation of red 
corpuscles in the embryo and adult is the red marrow 
c— 1 
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of bones ^Neumann, Bizzozero^ Rindfleisch), in which 
numerous nucleated protoplasmic cells (marrow cells) 
are converted into nucleated red blood corpuscles. The 
protoplasm of the corpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost. 
The spleen is also assumed to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpuscles are transformed into 
red ones, but of this there is no conclusive evidence. 
In all these instances the protoplasm becomes homo- 
geneous and filled with haimoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Sch'afer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small haemo- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
young animals. Malassez describes the red blood cor- 
puscles originating by a process of continued budding 
from the marrow cells. 

The white corpuscles appear to be derived from 
the lymphatic organs, whence they are carried by the 
lymph into the circulating blood. 



CHAPTER III. 

EPITHELIUM. 

17. Epithelial cells (Fig. 15) are nucleated proto- 
plasmic cells, forming continuous masses on. the surface of 
the skin, of the lining membrane of the alimentary canal, 
the respiratory organs, the urinary and genital organs, 
the free surface of the conjunctiva, and the anterior 
surface of the cornea. The lining of the tubes and 
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alveoli of secreting and excreting glands, such as the 
kidney, liver, mammary gland, testis and ovary, the 
salivary glands, mucous, peptic, and Lieberkiihn'a 
glands, the sweat and sebaceous glands, the hair 
follicles, (fee, consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells occur in other 
organs, such as the 
thyroid, the pitui- 
taiy body, <kc. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the rods 
and cones of the 
retina, and the rods 
of Corti in the organ 
of hearing, are modi- 












cells of the trachea : d, ciliated cell of frog's 
mouth; b, inverted conical cell of trachea; 
p, gquanious cell of the cavity of mouth, seen 
from its broad surface ; e, squamous cell, seen 
edi^wajiS. 



tied epithelial struo* 
tures. 

Epithelial cells 

are grouped together ^ig. 15.-VarioiiB kinds of Epithelial Cells. 
by exceedingly thin a, columnar cells of intestine; B, iK)lyhedrai 
layers of an albu- ""^^ «Atbe conjunctiva ;..c,ciliated^conical 

minous interstitial 

cerfient substance, 

which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards shape we distinguish two kinds 
.of epithelial cells — columnar and squamous. The 
columnar cells are short or long, cylindrical or pris- 
matic, pyramidal, conical, club-shaped, pear-shaped, 
or spindle-shaped ; their nucleus is always more or 
less oval, their protoplasm more or less longitudinally 
striated. On the free surface of the cells — i.e., the 
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part facing a cavity, canal, or general surface — in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or less distinct vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped cells are drawn out into longer or shorter 
single or branched extremities. 

The squamous or pavement cells are cubical, 
polyhedral or scaly. The nucleus of the former is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it can be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regards size, the epithelial cells differ 
considerably from one another in different parts, and 
even in the same part. Thus, the columnar cells, 

covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those lining 
the mucous membrane of 
the uterus ; the columnar 
cells lining the larger 
ducts of the kidney are 
considerably longer than 
those lining the small 
ducts ; the polj hedral 
cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the surface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes— the air cells — are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and oesophagus. 

20. As regards arrang^ement, the epithelial cells 
are either arranged as a single layer or are stratified, 
forming several superposed layers ; in the former case 






Fig. 16,— Three Mucus-secreting 
Qoblet Cells. 

A, From the stomach of newt ; b, from 
a mucous gland ; o, from the surface 
of the mucous membrane of the in 
testine. 
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we have a single-layered, in the latter a stratified epi- 
thelium. The simple epithelium may be composed of 
squamous cells, simple sqv^tnous or simple pavement 
epithelium ; or it may be composed of columnar cells, 
sim,ple columnar epithelium,. The stratified epithelium 
may be stratified pavement, or stratified columnar ^ 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all cells belong to the columnar kind. Simple 
squ^amou^ epithelium, is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tubes of Henle, the cortical parts of the collecting 
tubes), the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball 
Sim,ple colum,nar epitJielium is that on the Jnner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &c. Stratified 
pavement epithelium, is that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &c. 

21. The epidermis (Fig. 17) consists of the fol- 
lowing layers: — (a) Stratum corneum: this is the. super- 
ficial homy layer, and it consists of several layers of 
homy scales, without any nucleus. The layers, which 
are separated from one another by narrow clefts con- 
taining air, are then in process of desquamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot, (b) The stratum 
lucidum, composed of several dense layers of horny 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete Malpighii or rete mucosum. The most super- 
ficial layer or layers of it are flattened scales, which 
are characterised by the presence around the nucleus 



22 Ei.EME!iTS OP HlSTOLOOV. [Chap. III. 

of globular or elliptical granules of the nature inter- 
mediate between protoplasm and keratin. Their suh- 
stance is called 




1 tlie surface of 



columnar cells, placed vertically 
tlie Hubjacent corium. 

The substance of the 
hairs, nails, claws, hoofs, 
consiats of homy scales. 
{See chapter on Skin.) 

22. The stratiBed 
pavement epithe- 
Ifnm (Fig. 18) lining the 
cavity -of the mouth, the 
surface of the tongue, the 
pharynx and cesophagus 
of man and mammals, and 
the anterior surfaceof the 



the style and arrange- fiiroiigh the ulterior Ujers of the 

ment of the cells, ideiiti- '^""f^^^^^^ 

Cftl with the stratum "'s. vol miUcMiin'pr 

Mftlpighii of tbe epider- iHMdbooti 
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mis. The cell protoplasm is more transparent in the 
former, and the granular cells of the stratum granu- 
losum are not always present, but they generally are 
in the epithelium of the tongue and of the rest of the 
oral cavity. The most superficial scales show more or 
less homy transformation. 

23. Stratified columnar epithelium is met 
with on the lining membrane of the respiratory 
organs, as larynx, trachea, and large bronchi. It 
consists of several layers of columnar cells : a super- 
ficial layer of conical or prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

The epithelium of the ureter and bladder is called 
transitional epithelium. It is stratified, and the most 
superficial layer consists of squamous cells. Under- 
neath this is a layer of club-shaped cells, between 
which extend one or more layers of small spindle- 
shaped cells. 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cells, and amongst the squamous cells the prickle cells, 
deserve special attention. 

24. Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
cilia on their free surface. These cilia are direct pro- 
longations of the cell protoplasm. More correctly 
speaking, the cilia are continuous with the filaments 
or striae of the cell protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and ovi- 
duct, and the columnar cells lining the tubes of the 
epididymis i)ossess such cilia. In lower vertebrates 
the ciliated cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While fresh in contact with the membrane which 
they line, or even after removal from it, provided 
the cells are still alive, the ciliated cells show a rapid 
synchronous whip-like movement of their cilia, the 
cilia of all cells moving in the same direction. The 
movement ceases on the death of the cell, but may 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus on the 
surface, want of sufficient oxygen, presence of car- 
bonic acid, low temperature, &c. Under these circum- 
stances, removal of the impediment, as by dilute 
alkalies, will generally restore the activity of the cilia. 
Moderate electric currents and heat stimulate the 
movement, strong electric currents and cold retard it. 
Reagents fatally affecting cell protoplasm also stop 
permanently the ciliary action. 

25. Ooblet or chalice cells (Figs. 16, 19) are 
cells of the shape of a conical cup. The pointed part 

is directed away from the free surface, 
and contains a compressed triangular 
nucleus, surrounded by a trace 
of protoplasm. The body of the 
^'*^*^®* ,« ffoblet contains mucus. This latter 

From a Vertical Sec- c _ . . . 

tion through the mav be in vanous states ot lorma- 

Epithelium on the ,- -t , i • i i 

surface of the mu- tiou, and mav at any time be poured 

COU8 membrane of . ij .v n V^ 1.1 j. ii 

the large intestine, out 01 the Cell. Goblct cells are 

"^iS^SneS^fth^ most commonly met with amongst 

orff^^'^^Jfum^ the ei)ithelium lining the respiratory 

'^^^ organs, the surface of the stomach and 

intestines, and especially in mucous glands, in whose 

secreting j)ortion all cells are goblet cells. 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliated, may undergo 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. This takes 
place during life, and corresponds to an im- 




Chap. III.] Epithelium, 25 

portant function of columnar epithelial cells — ^viz., 
the formation of mucus. In mucus-secreting 
glands all the epithelial cells have this function 
permanently, but in ordinary columnar epithelium 
only a comparatively small number of the cells, 
as a rule, undergo this change, and then only 
temporarily ; for a cell subject to it at one time may 
shortly afterwards resume the original shape and 
aspect of an ordinary protoplasmic, cylindrical, or 
conical epithelial cell, and vice versa. If ciliated 
cells undergo this change, the cilia are generally first 
detached. 

It can be shown that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the cell. The interstitial substance probably under- 
goes the change into mucin. 

26. Prickle Cells (Fig. 17).— Amongst the middle 
and deeper layers of the stratified pavement epithelium, 
such as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the margin of one cell to that of each of its 
neighbours, by means of fine transverse short. fibrils 
which, passing from protoplasm to protoplasm, connect 
the surfaces of the cells. 

27. Pigmented epithelial cells — i.e., epithelial cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
ajid mucous membrane, such as occur in man and 
animals, pigment in the shape of dark granules is 
found in the protoplasm of the deeper epithelial 
cells, as well as in branched cells situated between 
the epithelial cells of the deeper layers. Minute 
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branched non-pigmented nucleated cells are met with 
in the. interstitial or cement substance of various kinds 
of epithelium, simple and stratified, e.^., epidermis, 
epithelium of oral cavity, cornea, (kc. 

28. Epithelial cells undergo division, and by this 
means a constant regeneration takes place. In those 
parts where the loss of the superficial layers of cells is 
conspicuous, such as the epidermis, the stratified epi- 
thelium of the tongue and oral cavity, the sebaceous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous 
loss occurs — as, for instance, in the stomach and in- 
testines, the secreting glands, or sense organs. 

In the stratified pavement epithelium it is the 
cells of the deepest layers which chiefly divide. As a 
rule, this division takes place transversely in the 
cylindrical cells, but may also be longitudinally (A. 
Kollmann). The epithelial cells next to the deepest 
layer of columnar cells are to a great extent the result 
of the division of the latter, and as this proceeds there 
is a gradual shifting of the older cells towards the 
surface, and a simultaneous flattening of the cell pro- 
toplasm as well as the nucleus. 

29. The interstitial substance between, and the pro- 
toplasm of, the epithelial cells being a soft flexible 
material, the cells can change their shape and arrange- 
ment owing to pressure exerted on them by the con- 
traction or distension of the subjacent membrane. 
Thus, the epithelium lining a middle-sized bronchus 
at one time appears composed of thin columnar cells 
in two layers ; at another, as a single layer ; or again, 
as a single layer of short columnar cells : in the first 
case the bronchus is contracted, in the second in a 
medium state of distension, in the third much dis- 
tended. Similar changes may be noticed in the epithet 
lium lining the bladder and the stratum MalpighiL 
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ENDOTHELIUM. 

30. The free surfaces of the serous and synovial 
membranes, and of those of the brain and spinal 
cord, the posterior surface of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
sheaths, the lymph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endothelial rnembrane, composed of 
a single layer of flattened trans- 
parent squamov^ cells, called endo- 
tlielial cells (Fig. 20). Each contains 
an oval nucleus, situated as a rule 
excentrically. Just as in the case 
of epithelium, the endothelial cell 
plates are joined by a fluid or semi- 
fluid homogeneous interstitial or 
cement substance of the nature of 
^^^ l l^ulJR. When examining any of 
the above Structures fresh, the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency ; but by . staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the light, the cement 
substance appears stained black, whereby the shape 
and size of the cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, and with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous ground-plate. In ifc 



Pig. ao.— Endothelium 
at tbe Mesentery of 
Cat. 

The outlines of the endo- 
thelial cells, and the 
nucleus of the latter 
are well shown. 
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ing in many places up to the murgin of the ground- 
plate. The nucleuE is limited by a membrane, and 
contains a well-developed reticulum. The tihrillffl of 
the cell substance appear to be connected with the 
nuclear reticulum. 

31. As reganla shape^ endothelial cells differ 
considerably. Those of the pleura, pericardia ni, 
..peritoneum, and endocariiium of man and mammals 
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polygonal, ot slightly elongated. Their 
in the lining of the lymph sacs of the 



„ polygonal, ot slightly elongi 

outlines vary ; in the lining of the lymph 



frog they are much larger, and of very sinuoi 
line ; while those of the posterior eurfece of the 




jire very regular, pentagonal, or hexagonal, having 
straight outlines in the perfectly normal and well-pre- 
served condition, hut serrated and sinuous after they 
have been jirepared with various reagents and in the 
abnormal state ; the endothelial plates lining the blood- 
vessels and lymphatic vessels (Fig- 21) are nan'ow and 
elongated, with more or less sinuous outlines In the 
lymphatic capillaries the endothelial plates are poly- 
gonal, but their outline serrated. 

32. As a rule the endothelial cells are fattened, / 

i 
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, scaly — but in some places they are polyhedral, 
n short columnar. Such cells occur isolated or 
r covering large and small patches, 
r cord-like eti-ucturea of the pleura 
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ot Babbit, prepued with Nitrate oE BilTer. 



and omentiini, on the synovial membranes, tunica 
vaginalis testis, &c. They are especially observable 
in considerable numbers in the pleura and omentum 
(Fig. 22) of all normal subjects (in man, ape, dog, cat, 
and rodent animals); their number and frequency of 
occurrence are increased in pathological conditions 
(chronic inflammations, tuberculosis, cancer, &c.). 

These endothelial cells are the germiruUing endo- 
tlielial cells, and they can be shown to be in an 
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active state of dirision. TLey thus produce small 
spherical lymphoid (amoeboid) cells, which ultimately 
are absorbed by the lymphatics, and carried into the ' 
blood system as white blood corpuscles. On the sui> 




.face of the serous membranes, especially the diaphrajjim 
(Fig. S3) and pleura, there exist minute openings, 
atomofd, leading from the serous cavity into a lym- 
phatic vessel of the Berons membrane. These atomata 
are ofl:«n lined by germinating cells. 

33. In the frog, germinating cells occur in great 
abundance on the mesogastrium and the part of the 
peritoneum which separates the peritoneal cavity 
from' the cisterna lymphatica magna. This part of 
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the peritoneum is called the septum cistemse lym- 
phaticae magnse, and on it occur numerous holes or 
stomata, by which a free communication is established 
between the two cavities. On the peritoneal surface 
of this septum the stomata are often bordered by 
germinating cells. In the female frog, these and 
other germinating endothelial cells of the peritoneum 
(mesogastrium, mesenterium, septum cistemse) are 
ciliated. 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, guinea-pig, rat, 
&c., of the nature of a fenestrated memhrane (Fig 24), 
bands of fibrous tissue of various sizes dividing and 
reuniting, and leaving between them larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestras are not covered with anything, the endo- 
thelial cells adhering only to the surfaces of the 
bands without bridging over the fenestras. On the 
peritoneal surface of the diaphragm the endothelial 
cells possess a difierent ai*rangement from that on 
the pleural side ; on the former surface a number oi 
lymph channels (that is, clefts between the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the places between, 
so that the endothelium of the peritoneal surface of 
the dia-phi-agm shows numbers of radiating streaks 
of small endothelial cells. Many of these small cells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 23.) The above-mentioned 
stomata occur amongst these small endothelial cells. 
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CHAPTER V. 

FIBROUS CONNECTIVE TISSUES. 

35. By the name of " connective tissues " we desig- 
nate a variety of tissues which have in common with 
one another, that they are developed from the samif) 
embryonic elements ; that they all serve as supporting 
tissue or connecting substance, for nervous, muscular, 
glandular, and vascular tissues ; that they are capable 
of taking one another's place in the different classes of 
animals; that in the embryo and in the growing normal 
and morbid condition one may be changed into the 
other ; that in the adult they gradually shade off one into 
the other ; and that they yield allied chemical products. 

Connective tissues are divided into the three great 
groups of ( I ) fibrous connective tissue ; (2) cartilage ; 
(3) bone, to which may be added dentine. Each of 
these is subdivided into several varieties, as will 
appear farther on, but in all instances the ground 
substance, or matrix, or intercellular svhstance, is 
to be distinguished from tJ^e cells. In the fibrous con- 
nective tissue the matrix yields collagen or geUUin, 
and the cells are called connective tissue cells, or con- 
nective tissue corpuscles. In the cartilage the ground 
substance yields chondrin, and the cells are called car- 
tilage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called bone I 
ceUs. 

36. The fibrous connective tissue, or i^hite 
fibrous tissue, occurs in the skin and mucousf 
membranes, in the serous and synovial membranes, 
in the membranes of the brain and spinal cord, in 

D— 1 



34 Elements of Histology. [Chap. v. 

tendon!! anrl tendon sheatbs, in faxcise and aponeuroses, 
in the intermuscular tissue, and in the tissue con- 
necting neighbouring organs, &c. It consists of 
mici'oacopic band-like or cylindrical bundles or fasciculi 
of exceedingly fine homogeneous fibrils (Fig, 25), which 
are known as the ehmentwry connective tisane fibrils. 




According to the number of these the bundles difier 

in size. The bundles, and also their constituent 

fibrils, may be of very great length — several inches. 

Where the fibrous tissue forms continuous masses — 

as in tendon, fascia,, aponeurosis, skin, and mucous 

membrane — the microscopic bundles are aggregated 

■ into smaller or larger groups, the trabeculm, and these 

1 are again .associated into groups. The fibrils are held 

] 'together by an albuminous (globulin), semi-fluid, homo- 

\ geneoua cement auistance, which is also present between 

I the bundles forming a trabecula. 

\ On adding an acid or an alkali to a bundle of 
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fibrous tissue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to digestion by dilute 
acids^ the bundles of fibrous tissue yield collagen or 
gelatin. 

37. According to the arrangement of the bundles, 
the fibrous connective tissue varies in different locali- 
ties. (1) In tendons and fascisB the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous, serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculsB of 
bundles divide repeatedly, cross and interlace veiy 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subsei*ous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — ie., interstitial 
connective tissue — the texture of the fibrous tissue is 
more or less loose, the trabeculse dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smaller spaces, cellulse or areolae, so 
that the tissue assumes the character of a loose 
plexus, which is sometimes called " areolar " or " cel- 
lular tissue." Such tissue can be more or less easily 
separated into larger or smaller lamellae, or plates of 
trabeculae. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculae form q, fenestrated membrane, with 
larger or smaller oval or circular holes or fenestrse. 

38. The connective tissue cells or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties, (a) In tendon and fasciae the cells are called 
tendon cells or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig, 26), forming continuous rows (single files), 
sitvated on the surface of groups of bundles of fibrous 
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tissue BetwpeD these groups are wider or narrower 
channeia — (he interfahciculajr spaces — running parallel 
with the long axis of the tendon {Fig 27) The cells 
in each row are separated from one another by a narrow 
line of alhuaimous ;,ement substance and the round 



^ 



nucleus of the cell is geneially situated at one end in 
Buch a way that in two adjacent cells of the growing 
tendon the nuclei face each other This indicates 
that the mdividusl cells undergo division Corre- 
sponding to the margin of each row the cells possess 
minute processea The cell plate is not quite flat but 
possessed of one, two, or even three memhranous projec- 
tions by which it is wedged in between the individual 
bundles of the group to which the row of cells belongs, 

39, (6) In the serous membranes, cornea, aubcn- 
taneous tissue, and loose connective tissues, the cells 
aro flattpned transparent corpuscles, each with an 
oblong flattened nucleus, and more or less branched 
and connected by their jirocessea. In the cornea they 
are spoken of as the corneal corpuscles, and are very 
richly branched (Fig. 29). They are situated between 
the lamelltB of fibrous bundles of which the ground 
substance of the cornea consists. 

These corpuscles are also situated in the interfasci- 
ciilat spaces, or spaces left between the bundles of the 
fibrous matrix, which are cavities in the interstitial 
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cement cementing the bundles and trabecuhe together 
(von Kecklinghauaen). In the cornea and serous mem- 
branes these spaces 
possess the shape 
of branched lacu 
nse each lacuna 
being tl e home 
of the body of 
the cell while the 
1 ranches or cana- 
) cul conta n ts 
proce ses Tl eae 
canal cul form the 
channels by ■wh ch 
ne gl bounng latu o- •■ — ■ ■"" 

w th one another "^ '*" '"iw.i^^ ae> 

(Fg 30) The eel ' ^h ™"iHc«_^^m«^J"- ^^b 

and its processes do illB«raltilo here, the long ul.B of Ulf» rowi 

not fill up the la- chiikiKS.) " "* "'" " 

cuna and its canali- 

culi. In loose connective tissue the lacuna may be of 

considerable size, and may contain several connective 
cells, which make as it 
were a lining for it. 
These in some places are 
very little branched, and 
almost form a continuous 
endotheloid membrane of 
flattened cells. Such is 

the guhepithelial endotlie' 

Tudpois. liimi of Behove, occur- 

e. Branch^ ™me(t^B|HMU(-^««; -i, ,,^g Underneath the epi- 
thelium on liie surface 

of the mucous membrane of the bronchi, bladder, 

and intestines. 

40. (c) In the true skin and mucous membrajios 





I 

I 



cells of the skin Bud 
niucoiia KiomLraneB, 
but only in a very 
limited degree iiy 
those of the coriwii 
and Beroua uiith 
bratieB, and Bomt-"]].:' 
better by Bomo . ; 
those of the auLr^;: 
neous and other h". 
connective tissues. 
In the akin -.i 
inucouB memlii:!' 
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cells are also branched flattened 
corpuscles, and by their longer 
or shoiter processes are con- 
nected into a network (Fig. 28). 
Each cell has a flattened oblong 
nucleus. As a rule, some of 
the processes are membranous 
prolongations coming off under 
an angle from the body of the 
cell, which is then called the 
chief plate, the processes being 
the secondary plates. By the 
latter the cell is wedged in 
between the bundles of the tra- 
beeula to which it belongs. 

This character of the ceila 
(ie., poaaeasion of secondary 
' ' i) is well shown by tho 




] 
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hitherto mentioned are fixed corpuscles ; they do not 
show movement. Kiihne and RoUett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pig^ment cells. — In the cold-blooded verte- \ 
brates, fishes, reptiles, and amphibian animals, we ; 
find certain branched nucleated connective tissue cor- 1 
puscles, distinguished by their size and by the proto- ■ 
plasm both of the cell-body and processes (but not of 
the nucleus) being filled with pigment granules. . The 
pigment is either grey or yellow, or more commonly dark 
brown or even black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts; such as possess a more spindle- 
8hai>ed body, and long, thin, not very richly branched 



; and intermediate forms between tlie twa 
a cat'eful examination it will be seen that these 
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1 appearances are due to different states of contraction 
t£ the same kind of ceils (Fig. 31). 
43. In the lower vertebrates the dark pigment 
cells show marked contractility, inasmnch aa tliey are 
capable of altogether withdrawing into their body the 
(igmentod processes. In the passive state these are 
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exceedingly numerous, and form a network so dense 
that the whole mass of cells resembles an extremely 
close network of pigment. In the maximum of 
activity the processes disappear, being withdrawn into 
the cell-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
of passiveness and maximum activity there are various 
intermediate grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the skin of fishes and amphibians, the 
state of contraction of these cells materially affects 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes- by the cella 
Briicke has shown that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
light. Sunlight leaves the pigmented cells in the 
passive state, t.6., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunlight they again return to the 
passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(Lister). Pouchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a reflex action by the stimulation of the retina by 
light. 

4/>. Fat cells. — Fat cells in the ripe and fully- 
formed state are spherical, large vesicles, each con- 
sisting (a) of a thin protoplasmic membrane, which at 
one point includes an oval nucleus flattened from side 
to side, and (b) of a substance, which is an oil globule 
tilling the cavity of the vesicle (Fig. 32). These 
fat cells are collected together by fibrous connective 
tissue into smaller or larger groups, which in their 
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turn foiTii lobules; these again become lobe&, and 
tlieso make continuous masses. Buuh group and 
lobule has its afferent arteriole, one or two ejerent 
veins, and a dense network of capillaries between ; 
each, mesh of the capillary network holding one, , 
two or three fat cells,. (Fig. 62.) Such are the 




nature and arrangement of fatly tissue in the sub- 
cutaneous and submucous tissue, in the serous and 
Bynovial membranes, in the intermuscular tissue, in 
lite loose tiBSue connecting organs or parts of orgaa'^ 

It can be shown that fat cells are derived from 
ordinary conntjctive tissue cells. In some places — 
both in the embryo and adult — the protoplasm of the 
connective tissue corpuscles growing in size becomes 
filled with small oil globules, which, increasing in 
numbers, become fused with one another to lai^r 
f^lobuleB ; as their size thus increases the cell nucleus 
becomes shifted to the periphery ; ultimately one 
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large oil globule fills the cell, ami what is left of tliti 
cell protoplasm Burrounda this oil globule like a mem- 
bmne. The cell as a whole has become in this procBBS 
TOiiiiy times its original ah.!;. 




^h^ f 



46. It can also he shown that where at one time 
few isolated connective tissue covpiiaclea are 
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present, at another time, in the natural state of growth, 
and especially under very favourable conditions of 
nutrition, the connective tissue cells become increased 
by cell-multiplication so as to form groups; these 
continue to increase in size and to be gradually fur- 
nished with their own system of blood-vessels; the in- 
dividual cells constituting the group become then con- 
verted into fat cells, and their processes are thereby lost. 

Individual connective tissue cells situated in the 
neighbourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, slightly 
branched cell. 

47. In many places the fibrous connective tissue 
includes, besides the fixed cells, others which show 
amoeboid movement. These are of two kinds : (\) 
migratory or wandering cells. These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 28, m). They wander 
about through the spaces of the fibrous tissue. Some 
of them are slightly larger, and possess one compara- 
tively large spherical nucleus. The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2) Plasma cells of Waldeyer. They aie 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which is, 
however, suflBciently pronounced to be detected. They 
always contain coarse granules, which are composed 
of a substance which is not fat, but something between 
protoplasm and fat. They stain deeply in dyes, and 
the corpuscles correspond to similar ** granular " cor- 
puscles of the blood. These ** granules" may change 
into fat globules, and thus the plasma cell becomes 
transformed into a fat cell. 
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48. The wandering cells occur almost in all loose 
fibrous tissues, chiefly around or near blood-vessels; 
they are not numerously met with in the healthy 
state, but increase greatly in the state of inflamma- 
tion of the part. The larger kinds are met with in 
certain localities only ; in the sub-lingual gland of the 
dog and guinea-pig they occur in numbers between 
the gland tubes or acini. They are also found in the 
mucous membrane of the intestine. The plasma cells 
are met with chiefly in the inter-muscular tissue, in 
the mucous and sub-mucous tissue of the intestine, in 
the trabeculae of the lymphatic glands, and in the 
omentum. Both kinds, but especially the plasma 
cells, are capable of swallowing minute particles i 
of extraneous matter — granules of living (bacteria) | 
and non-living matter that accidentally find en- \ 
trance into the connective tissue— and this power f 
they also share with the white corpuscles of the blood. • 
These cells, when acting in this capacity, are called ' 
phagocytes, 

49. Development of fibrous tissue.— Fibrous 
connective tissue is developed from embryonic connec- 
tive tissue cells, i.e., from spindle-shaped or branched | 
nucleated protoplasmic cells of the mesoblast. The j 
former are met with isolated or in bundles, as in the j 
umbilical cord or embryonic tendon. The latter form 

a network, as in the foetal skin and mucous membrane. 
In both instances the protoplasm of the embryonic 
connective tissue cells becomes gradually transformed 
into a bundle of elementary fibrils, with a granular- 
looking interstitial substance. The nucleus of the 
original cell finally disappears. A modification of 
this is when only part— generally the peripheral— of 
the cell-substance is converted into a bundle of con- 
nective tissue fibrils and inter-fibrillar cement sub- 
stance. A remnant of the protoplasm persists around 
the nucleus as a connective tissue ceiL 
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The same modeB of formation of connective tissue 
may be also observed in the adult under normal and 
pathological conditions. 

50. Fibrous connective tissue is in moat places 
associated 'with elastic Jibrea or yellow elastic tissue. 
These are of bright aspect, of variable thickness and 
length, branch ing 

and anastomos- 
ing so as to form 
network? (Fig. 
34). They are 
sometimes 
straight, but ^ 
more often twist- 
ed and coileiL 
The latter condi- 
tion may be ob- 
served when the 
tissue is shrunk, 
the former when 
it is stretclied, 
They do not swell 
up in acids o 
kalieSf-nor yield ^ 
gelatin on boil- 
ing, but contain 
a chemically different substance, viz., elastiM, When 
I broken their ends generally curl up. 

51. Elastic fibres occur in great numbers as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the serous and 
synovial membranes, and in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and fasciee ; in the former they are 

ingle fibres often twisting round the tendon 
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Elastic fibi-es forming bundles, but branched and 
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connected into networks within the bundle, are to 
be found in large numbers in the walls of the 
alveoli of the lung, in the ligamenta flava, in the 
ligamentum nuchse of the ox (in which the fibres 
are exceedingly thick cylinders), in yellow elastic car- 
tilage {see below), in the endocardium and valves of 
the heart, and in the vascular system, particularly the 
arterial division. In the latter organs the intima, 
and also to a great extent the media, consist of elastic 
fibrils densely connected into a netwgrk. 

52. The following are special morphological modi- 
fications of the elastic fibres : (a) elastic fenestrated 
membranes of Henle, as met with in the intima 
of the big arteries ; these are in reality networks 
of fibres with very small meshes, and the fibres 
unusually broad and flat. (6) Homogeneous elastic 
membranes, which surround, as a delicate sheath, the 
connective tissue trabeculse in some localities, e.g., 
subcutaneous tissue, (c) Homogeneous-looking elastic 
membranes in the cornea, behind the anterior epithe- 
lium as Bowman^s anterior elastic membrane^ and at 
the back of the cornea as elastica posterior, or 
DescenYiei! s meinhrane ; in the latter bundles of minute 
fibrils have been observed. {d) Elastic trabeculsB 
forming a network, as in the ligamentum pectinatum 
iridis. In the embryonic state the elastic fibres are 
nucleated, the nuclei being the last remnants of the 
cells from which the fibres develop, one cell generally 
giving origin to one fibra These nucleated fibres are 
called Henle's nucleated fibres. 

53. Special varieties of fibrous connective tissue 
are these : 

. (1) Adenoid reticulum. This is a network of fine 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue. [See Lymphatic glands.) The reticulum 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the young state, and is derived from 
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a network of branched cells ; but in the adult state 
the reticulum itself possesses uo nuclei Those found 
on it do not form an essential part of it 

(2) The neuroglia of Virchow is a dense network 
of very fine homogeneous fibrils which form the sup- 
porting tissue for the nervous elements in the central 
nervous system. These fibrils are supposed to be 
elastic fibres (Gerlach). Embedded in the network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cells. 

(3) Gelatinous tissue. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective tissue. It consists of spindle-shaped or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stance. It is met with in the umbilical cord and in 
the cavity of the middle ear of the embryo, and in 
the places where fibrous connective tissue is to be 
developed. After birth it is found in the tissue of 
the pulp of the teeth, and in some places as precursor 
of fat tissue. 



CHAPTER VL 

CARTILAGE. 

54. Cartilag^e consists of a firm ground substance 
which yields chondrin, and of cells embedded in it. 
Most cartilages (except on the articulating surface) 
are covered on their free surface with a membrane 
of fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is of essential importance for 
the life and growth of the cartilage. This is the peri- 
eliondrium. There are three varieties of cartilaga 
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55. (1) Hycdiiie earUlagp {Fig 35) Thi'i occurt 
on the articular aurfacpg of all bonea on the borders 
of many short hones m the Stem*I part of the n\» 
as eottal cartilageB at the n a gin. of the sternum 
Bcapola, and oa ile im m tht* rinf;s of the trachea, 
the cartilages of the broichi the sej turn and lateial 
cartilages of the no'^ 
and in the thyroi 1 and 
cricoid cartilages of the 
larynx. The ground sub 

I stance is hyaline t '• 
transparent, like ground 

I glass, and firm. The cells 
are spherical or oval pro 
topi asm ic corpuscles, each 
with one or two nucleL 
They undergo division *■ ^ ^i;^ ^^iSi.'^ "^ 

and although the two off j„ ^ ^^^ ^^ , nd a a .nro Brt 

springs are at firat close JJ^ucI'* 'sa " seneoBcd n 
together (half moon like 

in optical section), they giaduailygrow wider apart by 
the deposit of hyaline ground substance between them 1 
The cells are contained in cavities called the ca/rtilage I 
lacutuE. Each cell generally occupies one lacuna, but, I 
according' to the progress of division, a lacuna may 
coutiin two, four, six, or eight cartilage cells ; the " 
latter are those cases in which division pi-oceeds at a 
more rapid rate than the deposition or formation of 
hyaline ground substance between the cells. 

The part of the cartilage next to the perichondrium 
showsmostactivegrowth jhencethecellsare here smaller, 
closer togetlier, and there is less ground substance. 

Each lacuna is lined fay a delicate membrane, 
and, according to the stute of the cell, is either com- 
pletely or partially filled out by it. This membrane 
is called the capsule (Fig. 35). In many eartilage.i, 
especially in growing cartili^e, it is thickened by the ad- 

E— 1 
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ditica of a layer or layers of hyaline ground substance ; 

this is the most recently formed part of the matrix, but 

is still distinct 

from the rest of 

the ground aub- 

stanoe. 

56. In some 
places, especi- 
ally in articular 
oartilage (Till- 
manns, Baber), 
bundles of fine 

tissue fibrils 
may be noticed 
in the hyaline 
ground Bub- 

stanee. 

ST. In some 

cartilages, the 

protoplasm of the cell becomes filled with fat globules 
. (Fii;;, 37). This fact may be observed in many normal 
cartilages; sometimes the fat globules 
beoome confluent into one large drop, 
and then the cell has the apjieaiance of . 
a fat cell. In age, disease, and deti- r 
. cient nutrition, lime salts are deposited | 
in the ground substance, beginning! 
from the circumference of the cells.' 
The earthy matter appears in the shnpe 
of opaque granules, or irregular or 
angular granules. The ground sub- 
stance thereby loses its transparency, 
ouinc^pig. becomes opaque in transmitted, white 

in reflected, light, and, of course, very . 

hard and bi-ittle. This process is the calcJficMwn of 

cartilage. It is also met with in cartilage that is to be 
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replaced by bone, being the precursor of the formation 
of bone, as in the embryo (see below), and at the 
growing ends of long bones. 

58. The multiplication of the cartilage cells has 
been observed during life by Schleicher and Flemming. I 
It takes place after the mode of karyokinesis. The I 
lacunse of the cartilage are not isolated cavities, but 
are connected with one another by fine channels (Fig. 
36), so that the ground substance is easily permeable 
by the current of nutritive fluid. These channels and 
lacunae make one intercommunicating system, and are 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter, as pigment granules, red 
and white blood corpuscles, and pus corpuscles, may 
also find its way into the channels and lacunae of the 
cartilage from the perichondrium. 

At the borders of articular cartilage, where this is 
joined to the synovial membrane and the capsule of 
the joint, the cartilage cells are more or less branched, 
and pass insensibly into the biunched connective tissue 
cells of the membrane. In foetal hyaline cartilage 
many of the cells are spindle-shaped or branched. 

59. In the cartilage separating the bone of the 
apophyses from the end of the diaphysis of tubular 
bones, there is a peculiar hyaline cartilage, known as 
the intermediate or ossifying. Its cells are arranged 
in characteristic vertical rows, owing to the -continued 
division of the cells in a transverse direction. 

Cai-tilages, or parts of cartilages, in which the cells 
are very closely placed, owing to the absence, or 
scanty deposit and formation, of ground substance, 
are called parenchymatous or cellular. 

60. (2) Fibro-eartllag^e, or connective tissue car- 
tilage, occurs as the intervertebral discs, as the inter- 
articular cartilages, sesamoid cartilages, and as that 
foi ming the margin of a fossa glenoidalis. It consists of 
Jibrous connective tisstie arranged in bundles^ and the43e 



r 

^^H yield cLoudriii and 
I not gelatin. J' 

tweeii the stratii 
L the fibrous bumll 



laysra. The ground substance of this carti- 
said (1) to 



less flattened oval 

protoplasmic nu- 

I Gleat«d cells, each 




ipaule(Fig.38). 

They are leas flat- 
tened than the cells 

of tendon, euid the 

capsule dibtinguishes 

thetwo. Wherefibio- 

oartilage passes into 

tendinous tissue 

thetwo kinds of cells pass insensibly into one another, 
^^tmi^m^mmme ^1 (<^) YeUow, or 

— "~ "^ olasttc cartiiHge. — ■ 

This variety is also called 
ietiL.ular ; it occurs in the 
epiglottis, in the externar; 
ear in the Eustachian tube, 
m the cartilages of Wris- 
berg and ^antorini in thtf 
larrni In the early 
stage this kind is hyaline. 
Gradually numbers of 
elastic fibrils make their 
appearance, growing into 
the caitilage matrix &oni 
the periehondriuni in m. 
more or less vertical dire<K 
and anastomosing with one 




tion, and brandling 
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another. The final stage is reached when the ground 
substance is permeated by d&nse netvxyrka of elastic 
fibrils (Fig. 39), so arranged that spherical or oblong 
spaces are left, each of which contains one or two 
cartilage cells, surrounded by a smaller or larger zone 
of hyaline ground vubsta'iice. 



CHAPTER VIL 

BONE. 

62. Bone, as osseous substance, is associated with 
several other soft tissues to form a bone in the ana- 
tomical «ense of the word. 

(a) The periosteum. — Except at the articuJar 
surfaces, and where bones are joined with one another 
by ligaments or cartilage, all bones are covered with a 
vascular membrane of tibrous connective tissue. This 
is the periosteum. It consists in most instances of 
an oxxter fihroris layer, composed of bundles of fibrous 
tissue densely aggregated, and an inner, or osfeogenetic 
layer, which is of loose texture, consisting of a mesh- 
work of thin bundles of fibrous tisstie, in which nu- 
merous blood-vessels and many protoplasmic cells are 
contained. The blood-vessels form by their capillaries 
a network. The cells are spheroidal or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo-^ 
blasts (Gegenbaur). 

(6) The cartilag^e is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned above on pp. 46 and 48. 

63. (c) The marrow of bone is a soft vascular 
tissue, filling up all spaces and cavities. It consists 
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of a v&ry ^mcUl amount qfjibro'as tissue as a matrix, 
and in it are embedded numerous blood-vessels and cells. 
The few afferent arterioles break up into a dense net 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogenetic tissue, and 
they are called marrow cells. 

In origin and structure, the tissue of the osteo- 
genetic layer of the periosteum and t/ie marrow are 
identical In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum (see below), and also in the adult the two 
tissues remain directly continuous. As will be shown 
later, the marrow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
f)f the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, according to 
the condition of the cells. If many or most of these 
are transformed into fat cells, it has a yellowish aspect, 
and is called yellow marrow ; if few or none of them 
have undergone this change, it looks red, and is called 
red nwrrrow. In the central, or marrow, cavity of the 
shaft of tubular bones, and in the spaces of some 
spongy bones, the marrow is yellow; at the ends of the 
shaft, in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cells, especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood-corpuscles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge multi-nucleated cells, called Myeloplaxes oj 
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Unbin. They ara derived by overgrowth from orJinary 
marrow cells, and are of importance for the abaor|)tion 
and formation of hone (see below). According to 
Heitzmann, Malaasez, and others, they also have to 
do with the formation of blood-vesaels and blood- 
corpuscles. 

6:^. The matrix of osseoiid anhstaiice is dense 
fibrous connective tissue, i.e., a tisaue yielding gelatin 
on boiling The cement substance between the hbrila 
18 petnfied owmif to a deposit of insoluble inorganic 
lime salts chiefly oaibonateu and phosphates. Ihese 
CD-n be dissolved out by stiong ai-ids (h> drochloric) 
and are therebv cooierted into soluble salts Thus 
the organic matrix of oaseous sulratance — called ossein 
^may be obtained as a soft HexiUe luatenal easily 
cat 

Tlie bone substance is in the adult state generally 

lamf'l il (I the lam II e 1 i mj f iiiitrodcopic thinness. 

1 t» i^n every two 

of isolated, 

ned oblong 

I I s— the bone 

/ ,>^ (Fig 33), 

Inch anastomose 

canals with one 

anothrr and also 

with those of the 

next lamella above 

lAtlai^)'™'""'"'"'''^'"'"'*"*'™ wid telow ITie 

apjiearancea are 

very similar to those presented \y tfie lacnnse and 

canaliculi containing the corneal (.oipuscles as des- 

cnbed in Chsiirtir V 

These bone lacnnseand then can dituli are the lymph- 
' Lcular system of osseoua substance for they are 
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in open and free communication with the lymphatic 
vessels of the marrow spaces and of the Haversian 
canals. 

65. In the bone matrix, each lacuna contains also a 
nucleated protoplasmic cell, called the hone cell, which, 
however, does not fill it comjJetely. In the young state 
the cell is branched, the branches passing into the 
canaliculi of the lacunae ; but in the old state very few 
processes can be detected on a bone cell, which, with 
its lacuna and canaliculi, is called a hone corpuscle, 

66. According to the arrangement of the bone 
substance, we distinguish compact from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of flat and short bones. 
Its lamellae are arranged as : (a) concentric or Haversian 
lamellce, directly surrounding the Haversian canals 
(Fig. 41). These are narrow canals of varying lengths 
pervading the compact substance in a longitudinal 
direction, and anastomosing with one another by 
transverse or oblique braiiches. The Haversian canals 
near the marrow cavity are larger than those near 
the periosteum. In fact, those next to the marrow 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissue. 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. Each canal 
is surrounded by a series of concentric hone lamellcey 
with t/te hone corpuscles hetween them, and this is a 
system of concentric lamellce. Near the external sur- 
face of the compact substance the number of lamellae 
in each system is smaller than in the deeper parts. 
(0) Between these systems of concentric lamellae are 
the intermediate or ground lamellce ; they mu in various 
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directions, and in reality fill the interstices between 
the gystems of the Haversian or concentric lamelhe. 
Near the external surface of long bones they have pre- 
eminently a direction parallel to the surface. These are 
the circumferential lamella: of Tomes and de Morgan. 
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Fig. II.— Compact Bone Substance in Cnws Section 



The lamellffi of* compact bone are perforated by per- 
pendicular petrified fibres, the perforating Jibret of 
Sharpey. They form a continuity with the fibres of 
the periosteum, from which they are developed. 

Some of these fibres are smaller than the rest, and 
of the nature of elastic fibre.s. 

67, Spongy bone substance occurs in the end of the 
shaft, in the apophyses, in short bones, and in the 
diploe of flat bones. The cavities or meshes of the 
spongy substance are called Haversian, spaces or eati- 
celli; they intercommunicate with one another, and are 
filled with marrow, which in the young and growing 
state is generally of the red variety. The firm parts 
form spicules and septa, called bone trabeeulte. 
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of varying length and thickness, and composed of 
lamellae of bone substance. 

According to the aiTangement of the trabeculse, 
the spongy substance is a uniform honey-combed sub- 
stance, or appears longitudinally striated, as in the 
end of the shaft. In the latter case the marrow spaces 
are elongated and the trabeculse more or less parallel, but 
anastomosing with one another by transverse branches. 

68. Development of bone. — Bone is developed 
in the embryo, and continues to be formed also after 
birth as long as bone grows, either in the cartilage, or 
independently of this directly from the osteogenetic 
layer of the periosteum. The former mode is called 
endochondral^ the latter periostea l, or intermembranoibs 
formation. 

All the bones of the limbs and of the vertebral 
column, the sternum, and the ribs, and the bones 
forming the base of the skull, are preformed in the 
early embryo as solid hyaline cartilage, covered with 
a membrane identical in structure and function with 
the periosteum, which at a later period it becomes. 
The tegmental bones of the skull, the bones of the face 
with the lower jaw, except the angle, are not pre- 
formed at all. Only a membrane identical with the 
future periosteum is present, and underneath and 
from this the bone is gradually deposited. 

69. Endochondral formation. — The stage 
next to the one (1) in which we have solid hyaline 
cartilage covered with periosteum is the following 
(2) : Starting from the " centre, or point, of ossifica- 
tion," and proceeding in all directions, the cartilage 
becomes permeated by numbers of channels (cartilage 
channels) containing prolongations (periosteal processes 
of Virchow) of the osteogenetic layer of the periosteum, 
t.6., vessels and osteoblasts, or marrow cells. This is 
the stage of the vascularisation of Hie cartilage. In 
the next stage (3) the cartilage bordering on thesei 



channels grows more transparent, the lacnnse becoming 
■niarged and tbi 
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cartilage cells 
traiiajtarent.The lat- 
ter gradually break 
down, while the in- 
tercellular trabeculte 
become calcified; 
the laciinse, by ab- 
sorption of the cal- 
cihed trabecule, fus- 
ing with the cartil- 
age channels. These 
latter thereby be- 
m e transfoiined 
\ int« irregular cavi- 
I ties, which are bor- 
dered by trabecule 
of calcified carti- 
lage. The cavities 
are the primary 
marrow cavitieg, and 
they are filled with 
the primary or oar- 



blood - vessels and 
osteoblasts, derived, 
as stated above, from 
the osteogenetio 
layer of the peri- 
osteum. (4) The 
£ Lon itiidiui Section throngh the osteoblasts arrange 

re Fffltal Humerna o( a OniBfla-^. themselves by 8C- 
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dering the primary marrow cavities. The osteohlasta 
form hone substance — osseous matrix and bmnched 
bone corpuscles — and as this proceeds, the calcified 
cartilage trabeculce become gradually ensJieathed and 
covered with a layer of osseoibs substance. Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary marrow cavities) are filled with the primary 
marrow, and are of considerable size, while the 
trabeculae bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabeculae, while the calcified 
cartilage in the centre of the trabeculse gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the more 
advanced is the process, t.e., the more bone and the 
less calcified cartilage is found in the trabeculse, 
and the thicker the latter. At the " centre of ossifi- 
cation," i,e.y whence it started, the process is furthest 
advanced ; . away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a long bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shaft, all intermediate 
stages occur (Fig. 42). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and also in the epi- 
physis, a continuation of the . process of endo- 
chondral formation described above. . In fact, all 
bones preformed in the embryo as cartilage grow in 
length before and after birth by endochondral formation 
of new bone. The hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartilt^ at the expense of v^ich the new bone is 
formed, by the marrow (blood-vessels and niarrow- 
- cells or osteoblasts) of the spongy substance in con- 
tact with the cartilage. 

72, Following the development of a tubular bone 
after the above-mentioned stage 4, we find that the 
spongy bone once formed is not a permanent structure, 





Fig. 43 —From k Ti 



I continnouB cavity taken place. This repreRents 
the raJiment of the future central miirrow cavity of 
the ehaft. Simultaneously with, or somewhat previous 
to, this aVmoi-ption of the endochotidral bone, new 
bone — spongy bone — is deposited directly by the 
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osteogenetic layer of the periosteum on the outer sur- 
face of the endochondral bone. This also commences 
at the centi:e of ossification, and proceeds from here 
gradually to further points. This is the periosteal 
bone (Figs 42, 43), It is formed without the inter- 
vention of cartilage directly by the osteoblasts of the 
osteogenetic layer. And as fresh layers of osteo- 
blasts multiply on the surface of the periosteal bone, 
new layers of bone trabeculae are formed, and the 
old trabeculae become increased in thickness. In the 
meshes or Haversian spaces of this spongy periosteal 
bone the same tissue is to be found as constitutes 
the osteogenetic layer of the periosteum, the one being 
derived from and continuous with the other. 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy is thus transformed into compact bone, while 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit of the concentric lamellae, 
are transformed into the Haversian canals. This 
process is farthest advanced in the middle of the 
thickness of the shaft, and least near the periosteum. 
When this compact bone is again absorbed — e.g., that 
next the medullary cavity of the shaft of a long 
bone — the concentric lamellae are first absorbed, 
the Haversian canal being in this way widened out 
and again transformed into a Haversian space. 

While, then, the bone first deposited by the peri- 
osteum is of a spongy character, and gradually becomes 
transformed into compact, the reverse is going on at 
the same time near the marrow cavity, inasmuch as 
compact bone is here changed into spongy bone, and this 
ultimately disappears and becomes absorbed by the 
marrow. 

73. At birth all the primary endochondral bone has 
already disappeared by absorption from the centre of 
the shaft, and the bone present is all of periosteal 
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ahuft however, tha I 
sprngy bone is all I 
endochondral bon^.l 
and it continueB toj 
grow luto the intefK 
mediate cartilage aal 
stated above, so Ion 
as the bone gio 
a whole (Fig. 46)..| 
Of course the parbt| 
of this spongy b 
nearest to the centi-e<9 
of the shaft are thai 
oldest, and ulti- 
mately diisappear by 
absorption into the 
ceutrcj medullary 
cavity. In the epi- 
physis the spongy 
bone is also endo- 
chondral bone, and 
its formation is con- 
nectedwitli the deep 
layer of the articu- 
lar cartilage. 

Underneath the 
peiiosteura and on 
the surface of tlie 
spongy endochon- 
dral bone at the 
extremity of the 
shaft, the periosteal 
bone is representcid 
only hy a thin layer, 
extending as far 
the margin of tha 
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74. Intermembranons fonnation. — All 

bones not preformed in the embryo aa cartilage are 
developed directly from the periogteum in the manner 
of the periosteal bone just described (Fig. 46). Here also 




the new bone is at first spongy bone, which in its inner 
layers gi-adually becomes converted into compact bone. 

In all instences during embryonic life and after 
birth the growth of a bone in thickness takes place 
after the manner of p&riogUal bone ; this is at first 
spongy, but is gradually converted into compact bone. 

75. All osseous substance is formed in the embryo 
and after birth by the osteoblattg, or marrow cells 
(Gegenbaur, Waldeyer) : each osteoblast giving origin 
to a zone of osseous matrix, and remaining in the 
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centre of this as a nucleated protoplasmic remnant, 
which gradually becomes branched and transformed 
into a bone cell. The osseous matrix is at first a soft 
fibrillar tissue, but is gradually and uniformly im- 
pregnated with lime salts. This impregnation always 
starts from the centre of ossification. 

76. Wherever absorption of calcified cartilage pr of 
osseous substance is going on, we meet with the multi- 
nucleated huge protoplasmic cells, called the Tnyelo- 
plaoces of Robin. Kolliker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Osteoclasts (Fig. 46). For cartilage they 
may be called Chondroclasts. Wlien concerned in the 
absorption we find these myeloplaxes situated in 
smaller or larger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunae on the 
suirface of bones are called Howship^s lucunce. They 
invariably contain numbers of osteoclasts. It can, 
however, be shown that myeloplaxes are also con- 
cerned in the formation of bone, by giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the foetal jaw 
this process is seen with great distinctness (Fig. 46). 

77. Dentine forms the chief part of a tootL It 
consists of a petrified matrix, in which are numbers of 
perpendicularly-arranged canals — the dentinal tubes — 
containing the dentinal fibres. It is in some respects 
similar to bone, although difiering from it in certain 
essentials. It is similar, inasmuch as it is developed 
in like manner by some peculLirly transformed 
embryonal connective tissue— viz., by the tissue of the 
embryo tooth papilla — and inasmuch as cells are con- 
cerned in the production both of the petrified matrix 
(impregnated with lime salts), and of the processes of 
the cells contained in its canals — the dentinal fibres. 
The details of structure and distribution will be 
described in connection with the teeth. 
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CHAPTER VIII, 



NON-STRIPED MUSCULAR TISSUB. 

78. This tissue consists of nucleated cells, which, 
imlike amoeboid cells, are conti-actile in one definite 
direction, becoming shorter and thicker during con- 
traction. 

The cells are elongated, spiridle-s/iaped, or band-like 
( Fig. 47), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval nucleus, 




Fig. 47.— Non-strii>ed Muscular Fibres, isolated. 

The croBB-markings indicate corrugations of the elastic sheath of the Individaal 

fibres. (Atlas.) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
longitudinally striated substance. 

During extreme contraction the nucleus may be- 
come more or less plicated, so that its outline becomes 
wavy or zig-zag. 

It has been shown by Klein in certain preparations, 
e.g., the non-striped muscle cells of the mesentery of 
the newt, that each muscle cell consists of a delicate 
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elastic sheath, inside of which is a bundle of minute 
fibrils, which cause the longitudinal striation of the cell. 
These fibrils are the contractile poi-tion ; and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connected. When 
the cell is contracted its sheath becomes transversely 
corrugated (Fig. 48). 

79. The non-striped muscular cells are aggregated 
into smaller or larger bivndles by an interstitial albu- 




Fig. 48.— A If on-striped Muscular Cell of Mesentery of Newt. 

Showing several places where the muscular substance appears contracted, 
thickened. At these places the corrugations of the sheath are marked. 
(Atlas.) 

minous homogeneous cement substance, the cells being 
imbricated with their extremities. The bundles may 
form a plexus^ or they may be aggregated by fibrous 
connective tissue into larger or smaller groups, and 
these again into continuous masses or membranes. In 
the muscular coat of the bladder, in the choroidal 
portion of the ciliary muscle, in the arrector pili, in the 
muscular tissue of the scrotum, very well marked 
plexuses of bundles of non-striped muscular cells may 
be met with. In the muscularis mucosae of the 
stomach and intestines, in the outer muscular coat of 
the same organs, in the uterus, bladder, &c., occur 
continuous membranes of non-striped muscular tissue. 

When the muscular cells form larger bundles they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygonal 
outline. 

80. Non-striped muscular tissue is found in the 
following places : in the muscularis mucosae of the 
oesophagus, stomach, small and large intestiae ; in the 
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outer muscular coat of the lower two-thirds or half 
of the Imman <£sophagus ; in that of the stomach, small 
and large intestine; in the tissue of the pelvis and 
outer capsule of the kidney ; in the muscular coat of 
the ureter, bladder, and urethra ; in the tubulea of 
the epididymis, in the vas de- ^« «. 

ferens, vesiculse seminalis and «^S 

prostate; in the corpora caver- ^^^■•'^ 
nosa, and spongiosa ; in the ^^*^L^t^ (*'• 
tissue of the ovary, and in the A^*'.*-i:. ' — 
broad ligament ; in the mus- 
cular coat of the oviduct, the 
uterus and vagina ; in the _ - _, 

posterior part of the wall of ^ 9 ^ 

the tnichea; in the large and ria. «-pt^iu n imnsvirM 
small bronchi, in the alveolar M'^Non-tiriptd MnMoiif 
ducts and infundibula of tJie n„„„KiiiM-~ii«ti(ii«ipin«e- 
lung; in the pleura pulmonalia t,'^ ™h.'i!2j.'™™i™ 
(guinea-pig) ; in the peritoneum Sii^^lhrSSHSSr w ai 
of the frog and newt, in the '^K^f '^' """^ 
upper part of the upper eye-lid, 

and in the fissura orbitalis ; in the sphincter and 
dilatator pupillte, and the ciliary muscle; in the 
cajisule and trabeculse of the spleen, and the trabeculse 
of some of the lymphatic glands ; in the arrectores 
piloruia, and sweat glands of the skin, the tunica 
dartos of the scrotum ; in the tissue of the nipple of 
the breast ; in the large ducts of the salivary and 
pancreatic glands; and in the muscular coat of tlie 
gall bladder, the hepatic and cystic duct. The aorta 
and the arteries have a larger amount of non-stri])ed 
muscular tissue, the veins and lymphatics less. 

81. As regards length, the muscular cells vary j 
within considerable limits (from -^ to -j-Jg- of an inch), J 
those of the intestine, stomach, respiratory, urinary.nnd / 
genital organs being very long, as compared with 
those of the blood-vessels, which are sometimes only 
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twice or thrice as long as they are broad, and at tlie 
same time branched at their extremities. 

Non-striped muscular tissue is richly supplied with 
blood-vessels, the capillaries forming oblong meshes, 
though their number is not so great as in stri()ed 
muscle. The nerves of non-striped muscle are all 
derived from the sympathetic ; their distribution and 
termination will be described in a future chapter. 



CHAPTER IX. 

STRIPED MUSCULAB TISSUE. 

82. The striped muscular tissue is composed of 
long cylindrical fibres^ some measuring 1^-2 inches 
in length, others much shorter ; their thickness varies 
between ^-J^ to ^J^ of an inch. These fibres are 
regularly transversely striated, and are therefore called 
the striped or striated muscular fibres. By fibrous 
connective tissue they are grouped together so as to 
form larger or smaller bundles — rtiicacular fasciculi; 
the connective tissue surrounding their bundles is 
called the perimysium^ while the delicate connective 
tissue passing from the perimysium into the bundle 
and separating the individual muscular fibres from 
one another is called the endomysium. The perimy- 
sium is the carrier of the larger vascular and nervous 
branches, while the endouiysium contains the capil- 
laries. These form very rich networks with elongated 
meshes, and are always situated between the individual 
muscle fibres. The ca[)illaries and veins appear very 
wavy and twisted in the contracted bundles, and 
straighter in the uncontracted bundles. The small 
vessels are provided here and there with peculiar saccu- 
lar dilatations, which act as a soi*t of safety receptacles 
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fortlie blood wlien, during a sadden maximal coutrac-" 
tion, it is pressed out from some of the capillaries. 

S3. Ekuih muscular fibit; during contraction liecomes 
Kliorter and thicker. In. the living uiiiujured muscular 
tibres, spoiitaaeoiialy or after the application of a 
stimulus a contraction starts at one point and passes 
over the whole muse dar hbre like a waie — contrac- 
tion wave — the progress of which is noticeable by tlie 
thickenin^, rapidly shifting along the fil re, the part 
behind lesummg its pievious diameter 

84 A striped muscular hbre consists of (I) & 
delicate hyaline elastic sheath, the eartoleMma, and 
(2) the muscular contents It is the structure of this 
latter which has given origin to a variety of theories, 
owing to optical difficulties m examining fresh and 
living fibres and owing to vaiied changes it is liable 
to undei^o when acted upon by many re agenta. In 
the following we shall adopt 

the \ lew enunciated by Rollett * 

during lecent years we th nk. 
that his concluaious aie b d 
on extensive observations a d 
study of mus ular fibres 
vertebrates and ever te bra tes 
under the best conditions and 
his conclusions harmonise be t 
with the classical oTiservat o a 
of Bowman, Briicke, Gob ^ 
lieim, and Engelmann, and 
with observations which can 
be verilied by careful study 
of fresh muscular fibres. ^^ V'^ A^T t 

85. The contents of a mus f ™ »<> " 
cular fibre consist of two ]. ^ ^ ^^ „ ^™ u, 

cipal parts ; (a) the fibnlUe 

aiid(6) the«arc(yjii«7iMi,ahyal neorfantlyg anula sul>- 
Btance, similar to, but not dent cal w th, protoi. lasma, 
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B the matrix ox interstitia! substance for 
The iilirilla ext«nd in a loiigitudin 
direction parallel to the long 
axis of tlie muBcular litjre, and 
they are gi'onpetl together into 
blinds, strands, or tulies, railed 
the muscle-columng ; the latter 
are aggregated into larger 
groups, llie sarcoplasma i" 
up aJl intei-stices between the 
groups of the muscle -coin tuns, 
between the columns of each 
gronp, and between the tibrillfB 
of each column. The amount 
of aarcoplasma between the 
groups of columns is generally 
greater thiia between tha 
columns of each group. During 
growth and regeneration ot 
muscular fibres in the adult, 
tJie collections of nucleated sar- 
coplasma on the surface, t.e. 
unrlet'neath the sarcolenima, 
beconiij conspicuously 
creased in vertebrate muscu 
fil'i-es, both in number and si 
anrj they are the material from 
which muscular fibrillre i 
.D^SS^y'^""' formed. Special collections of 
nucleated aarcO|ilasma are tound 
l; "aMBiiijnTi , L, Bcncdtri at Lhe termination oF the motor 
1 ™?li'j.'™»'"™L'?.iff.^??"', ner\e fibre m tbe muscular 
hbre (see below). 

On obBerving a cross section 

well-preserved muscular fibres, 

1 seen as transparent lines sub- 

ular contents, whicli appear dim 



.— Mnflj'uloi- Pibfa 
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like ground gLiss, into small more or less poly- 
hedral areas, the areas of Cohnheim. These areas 
are the cross sections of the muscular columns, and 
are therefore made up of a number of granules, the 
optical cross sections of the constituent fibrillse. The 
muscular columns appear aggregated by larger accu- 
mulations of sarcoplasma into larger or smaller gi'oups; 
and between the groups the sarcoplasma is again greater 
than between the tibrillse of each column, and in this 
respect there exists the greatest variety between the 
different animals. In the perfectly fresh condition the 
amount of sarcoplasma between the tibrillae of a column 
is in some cases insignificant, and almost appears absent 
from place to place. 

The sarcoplasma shows also other differences of 
distribution ; in the muscular fibre of many insects 
it generally forms a cylindrical accumulation in the 
centre of the muscular fibres, containing sphencal 
nuclei ; from it thinner septa pass between the groups 
of muscular columns. In vertebrate muscular fibres 
the sarcoplasma forms small plate-like or angular col- 
lections on the surface of the muscular contents, i.e., 
immediately under the sarcolemma. These collections 
include spherical, or more generally oval, nuclei, and 
are called the muscle-corpuscles. The whole sarco- 
plasma must be considered as a sort of protoplasmic 
basis, and the muscle-corpuscles the nucleated accumu- 
lations of it. 

86. The fibrillae show along the whole length of 
the muscular fibre regular variations, both as regards 
aspect and thickness of their substance ; and accord- 
ingly can be considered as consisting of different por- 
tions joined to each other, and repeating themselves 
uniformly and in a regular manner throughout the 
whole muscular fibre. These portions are : (1) The 
sarcous elements of Bowman, dim, homogeneous rods 
or prisms forming the chief parts ; between each two 
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successive sarcous elements of the same fibrilla, at 
equal distance, is a dark granule, to which the end 
of each sarcous element is joined by a thin bridge. In 
the fresh state the sarcous elements are prisms, and 

almost touch 
each otlier by 
their sides, so 
that little or 
no sarcoplasma 
intervenes be- 
tween them 
here; but when 
the sarcous ele- 
ments shrink, 
e.g.^ after death 
or after harden- 
ing re-agents, 
they are more 
or less hour- 
glass shaped, 
and are sepa- 
rated by thin 
layers of sarco- 
plasma. The 
bridge by which 
the ends of the 
sarcous ele- 
ments are joined 
to the granule being much thinner than the latter or' 
the former, there is more sarcoplasma ])resent in the 
layer containing the bridge ; and since the sarcoplasma 
is more transparent than any part of the tibrillse, the 
muscular fibre as a whole shows a conspicuous trans- 
parent layer or disc between the layer of the dark 
granule and the layer of the sarcous elements. The 
layer of the dark granules corresponds to the line of 
Dobie, or the line of Amici, or the intermediate diw 
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Pig. 52.— Striped Muscular Fibres of the Water- 
Beetle (Hydrophilus). 

a, Aarcolemina ; b, Krauee's meinlirane. The earcous 
elements are well Been. In a tbe oblong nuclei of 
the rauBcle-corpuscles are shown. In b the sarco- 
Icinnia has become unnaturally raised from the 
muscular contents. The contractile discs are well 
shown ; so also are the sarcous elements. (Atlas.) 
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of Engelinann, or the inemhrane of Krarise. The 
layer or disc of sarGOf)lasma in which the bridges are 
placed, which join the sarcous elements to the granules 
of the intermediate disc, is the lateral disc. The 
layer or disc of sarcons elements corresponds to the 
transverse disc. In many muscular fibres of insects 
there occurs in each fibrilla a short rod midway be- 
tween the sarcous element and the dark granule, i.e., 
within the lateral disc ; the layer or disc of these rods 
forms the secondary disc. 

87. A typical muscular fibre shows then, owing to 
the differentiation of each fibrilla into the above por- 
tions, the following layers in regular alternation : 

(1) jTAe dark intermediate disc, or Krause^s membrane; 

(2) the transparent lateral disc ; (3) the dim, transverse 
disc of sarcous elements. Then follows another 
transparent lateral disc, and then again the inter- 
mediate disc. 

The intermediate disc is intimately connected 
with the sarcolemma ; hence Krause gave it the name 
of a membrane. When a muscular fibre contracts 
during life, or when it shrinks after death, the sarco- 
lemma shows regular bulgings between each two 
Krause^s membranes j at these latter the sarcolemma 
is drawn in. The part of a muscular fibre between 
two neighbouring Krause's membranes and the corre- 
sponding portions of the sarcolemma is spoken of as a 
muscular compartment of Krause. (See Fig. 52, a.) 

The lateral disc contains in some muscular fibres 
a layer of granules or rods, the secondary disc ; but 
each of these granules or rods is joined to a granule 
of the intermediate disc on the one hand, and to the 
end of a sarcous element on the other. 

The transverse disc, or the layer of sarcous ele- 
ments, shows in muscular fibres after hardening, or 
after treatment with re-agents, a median transverse 
transparency, due to the substance of the sarcous 
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of tl e fib IH are not ewn aable hence the n s 
ciilar fil re seen s bj 1 t p nto d scs apparently not 
connected with one ai ot! er (se Fig o2) 

Tleietie latio descr be) lyMellan 1 Ma -shall a I 

others s due to coag lation of the m. coplasma bro gl C 

abo t by certa i harden Dg re agents the sarcopla^ i 
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long d rect oo of tl e fib-e broade tie tranave-se 

dire tion 

Rollett considers w tl B -ucke KoU ker Engel 
inann and many others that the hhrillfe a e the 
contractile parts wh le Kuhne s oci ned to th nk 
that the sarcoj lasma — wh ch Kuhne calls sarcogl a — 
IB the contractile j art wh le the til llffi— e the 
rha> 1 a of Kuhne— or rati e the sar ous elements, 
a -e elaatio elements. 

The d fferent at on into ntermed ate lateral and 
trans erse dis po 8 a ng tl e al o e nan ed different 
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Btriicture and optical proper ties, produces the transverse 
striation of the muscular fibres ; but it must lie also 
added tbat a fibre, though homogeneous but moiiili- 
form (by shrmking or naturally so), would show a 
tiansierse Btiiation (Hayuaft) 

89 Jn tlie embrjo the muscular fibres are deve- 
loped from spindle shaped nucleated cells (R«niBk, 
WeiBsmann, KoUikei) One spindle shaped cell with 
an oval nucleus grows rapidly in length and thickness, 
its nucleus divides repeatedly, and the ofispnngs be- 
come shifted from one another as the cell contmuea 
to grow in length Thus a long spindle-shaped mass 
of sarcoplasma, with numerous nuclei is the result. 
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Fig. M.— A Striped Unaoultir Fibre o( the Diophngm ol a 

This sarcoplasma in the middle of the cell becomes 
converted into fibrillse, and this formation continues, 
while the sarcoplasma as a whole increases. The 
muscle-corpuscles of the adult fibres are remains of 
this sarcoplasma. 

At all times in adult life, when muscular fibres in- 
crease in thickness, as, for instance, when muscle is kept 
at constant work, this increase is due to increase of 
sarcoplasma, and part-conversion of this into fibrillie. 

Paneth described in fishes, amphibia, birds, and 
mammals, a mode of new formation of muscular 
fibres, which supplements the aboTe-deacribed one. 
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While in the embryo the first muscular fibres develop 
from spindle- ah aped cells in the manner stated above, 
muscular fibres are also newly formed £rom spherical 
or oval cells — sarcoplaslt; in the interior of these 
cells the protoplasm is converted into contractile sub- 
stance wh ch s capable of enlarging and elongating, 
and becoming converted into striped mus- 
cular fibres. 

90 The striped muscular fibres, taken 
a whole, are, as a rule, spindle-shaped, 
becoming gradually thinner towards their 
ends. They are branched in some excep- 
tional cases — eg in the ton^e here 
the ettremities of the muscle fibres 
mg in a transverse direction into 
mi cous membrane become nchly 
branched 

Jl Muscular fibres terminate in 
tendons, either by the whole fibre passmg 
a bundle of connective tissue fibnls 
(F c 55) or by the fibre ending abruptly 
'n th a blunt conical end and becommg 
here fixed to a bundle of connective tissue 
fibrils. The individual fibres have only, 
as has been mentioned above, a limited 
length, so that, following a fasciculus 
from one point of its insertion to 
the other, we find some muscle fibres 
terminating, others originating. This 
takes place in the following way : the 
contents of a fibre suddenly terminate, 
while the sarcolemma, as a fine thread, 
becomes ihterwoven with the fine connective tissue 
between the muscular fibres. 

92. The striped muscular fibres of the heart 
(auricles and ventricles) and of the cardiac ends of 
the large veins (the pulmonary veins included) differ 
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from other striped muscular fibres in tlie following 
respects; — (1) They possess no distinct earcolemma. 

(2) Their muscle corpusclea are in the centre of the 
fibres, and more numerous than in ordinary fibres. 

(3) They are very richly branched, each fibre giving off 
all along its course short branches, or continually divid- 
ing into smaller 

fibres and form- 
ing a close net- 
work (Fig. 56), A 
transverse section 
through a bundle 
of SHch fibres 
shows, therefore, 
their cross sections 
irregular in shape 
and size. (4) Each 
nucleusof a muscle 
corpuscle occupies 
the centre of one. 
prismatic portion ; 
each fibre and its 
branches thus 
appear 
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of a single 

such pris 

portions, and they '■,^^wmMiaTn''n"['iSrtl''B^r°S™tKnBSre'^ 

seem separated SJSSiJtvrffirins- ''t°i^^ phmuSroMiK 

from one another mo^iiighiiniwDiiiM; 

—at any rate in an 

early stage— by a septum of a transparent substance. 

93. Some muscular fibres are either markedly pale 
or niHrkedly red (Ranvier) ; in the former («..?-, 
quadvatiis lumborura, or adductor magnus feraoris 
of rabbit) the transverse striation is more distinct 
and the muscular corpuscles less numerous, than 
in the latter {e.g., semi-tendinoeus of rabbit, 
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diaphragm). Here the longitudinal striation ap- 
pears very distinct, but these differences are not 
constant in other muscular fibres of other animals 
or of man (E. Meyer). 

94. Briicke has shown that striped muscular fibres 
are doubly refractive, or anisotropous, like uniaxial 
positive crystals (rock crystal), the optical axis coin- 
ciding with the long axis of the fibres. The sarcoplasma 
is isotropous, the fibrillse alone being anisotropous ; of 
these the sarcous elements were the first recognised 
by Briicke to be doubly refractive. They are, how- 
ever, not the ultimate optical elements, but must be 
considered as composed of disdiaclasts, the real doubly 
refractive elements (Briicke). 



CHAPTER X. 

THE HEART AND BLOOD-VESSELS. 

95. (a) The lieart consists of an outer serous 
covering {the visceral pericardium), an inner lining 
(the endocardium), and between the two the muscular 
wall (Fig. 67). Underneath the pericardium is a 
thin layer of connective tissue, called the sub- 
pericardial tissue. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes — i.e., a single layer of transparent 
nucleated cell plates of a more or less polygonal or 
irregular shape. The ground- work of these two mem- 
branes is fibrous connective tissue, forming a dense 
texture, and in addition there are many elastic 
fibres composing networks. Capillary blood-vessels, 
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lymphatic vesseb and small brandies of nerve-fibres 
are met with in the pericardial layer. The sub- 
pencardial tissue consists of trabecutse of fibrous 
connective tissue, which are continuous with the 
intermuscular connective tissue of the niu'^eular part 

of the heart The 

former contains in '>^-'Z.'-\, '• : .i'-_i , "-!;*■-—— 
many places groups ^ ?"'" j- ■ - -- ' ' -:- S^- 
of fat cells. ':- --_r. ' - ''^■^ 

96. On the free 
surface of the papil- 
lary mnacles, in some 
parts of the surface 
of the trabecuhe 
cameae, and at the 
insertion of the 
valves, the endocar- 
dium is thickened 
by tendinous con- 
nective tissue. The 
valves themselves 

are folds of the en- ' " -. _-r.,-_ _= z- 

docardium, and con- '^'^-"" " ■' ■-~~^'^^ — —i-'^-: 
tain fihlTJUS COnnec- rig. 57. -TranBVerse Section throwth the 
.- .- „ +« ^1,;.,^ Auricle of the Hcjirt of » Child. 

tive tissue, to wnicn, 

especially in the Aneacdluai: d. luiisriiliir Unndles cat'lnnt- 
semilunar valves, iSi/ :' ». ^firafaii covertJff" ™*' "" 
numerous elastic 

fibi'es are added. The muscular tissue of the wall 
of the auricle penetrates a short way into the auriculo- 
ventricular valves 

All the cordte tcndinese and the valves are of course 
covered on their free surfaces with endothelium. 

Special titicts of muscle fibres occur in the sub- 
ehdocardial tissue. 

Theatres of Purkinje are peculiar fibres occurring 
in the subendocai-dial tissue in some mammals and 

G— 1 
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birds (Dct in man). Tliey are tliin, transversely striped, 
muse alar fibres, the central part of which is a con- 
tinuous mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissua In the 
ventricles the bundles are aggregated into more or less 
distinct lamellae. 

Like otlier striped muscular fibres, those of the 
wall of the heart are richly supplied with blood-ves.sels 
and lymphatics. The endocardium and valves and the 
pericardium possess their own systems of capillaries. 

The lymphatics form a pericardial and an endo- 
cardial network, connected with the lymphatics of the 
muscular tissue of the heart ; here they are lymphatic 
clefts between the muscular bundles, and also net- 
works of tubular lymphatics. 

98. The nerve branches of the plexus cardiacus 
form rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog's heart (Lud- 
wig, Bidder), and in the auriculo-ventricular septum 
of the frog (Dogiel). In man and mammals numerous 
ganglia are found on the auricular nerve branches, 
chiefly at the point of junction of the large veins with 
the heart, Remak's ganglia, and at the boundary be- 
tween the auricles and the ventricles. Bidder's ganglia. 

99. (b) The arteries (Fig. 58) consist of : (a\ an 
endothelial layer lining the lumen of the vessel ; (6) an 
intima, consisting of elastic tissue ; (c) a media, con- 
taining a large proportion of non-striped muscular cells 
arranged chiefly in a transverse, i.e., circular manner; 
and (d) an adventitia composed chiefly ' of fibrous 
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connective tissue, with an admixture of networks of 
elastic fibres. 

(01) The endothelium is a continuoua siiiylc layer 

of flattened eloii- e 

gated eell plates, i 

(b) The inti- ^ 
ma in the aorta rs^^-t-j^— — ~~''^. ~— 
and large arteriea —^—.^^ ]^_ - ' — '"^^^^ 

plex striicture, ir -«-ii-= " ■" -^1*~"'^-'i« 

consisting of an ^ " "*"- ~ — -^^ --- -. -=is.^ 

innermost laj-er ^_ 

of fibrous con- " 

nective tissue, "~ - ^ ~ 

which is the ,; „ 

"timer lonyilu- ^ . ' ''■■''j^ 

dinai Jibrout ■ ' ,■ 'v* 

^yer"of Remak, 1 • ., ^ .Vrj-.--: 

outside of which \' ' . . - 

longilndin.Ilj,- „^ ,,^,„„ . ^.„„, ^.„„ ,j,„,j 

arranged elastic toe Tnlcrior Meaaurario Artery of ths Pig. 

membrane. This ''m°ii"!'^''Sv?niftUwii?Q'um°^T^'^'°'L?"flb''ii? 
is laminated, and cut in tminver« •eciion. (»ii»».) 
composed of 

feneMrated elastic membraneg ofSenh. (See page 47 ) 
Tiie larger the artery the thicker the intima, lu 
microscopic arteiies the intima is a thiit fenestrated 
membrane, the fibres having distinctly a longitudin^ 
arrangement. 

(c) The media is the chief layer of the wall of 
the arteries (Fig. S9). It consists of transversely 
arranged elastic lamelle (fenestrated membranes and 
networks of elastic libres), and lietween them smaller 
or larger bundles of cirouhirly arranged muscular 
cells. The larger the artery the more ehistic tis- 
sue is there present ia the media, the smaller 
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tlie ai-t«ry the more mnscultu' tissue^ In micro- 
Buopic branches of uieries Uie media conaistH 
almoet entirely of cir- 
cuIftT noD-sbriped mnscle 
cells with only few elaa- 

100. In the last 
branches of the mtcro- 
Bcopic arteries, the mus- 
cular media becomes dis- 
continnous, inasmuch as 
the (circular) muscular 
celjs are arranged not as 
a continuous membrane, 
but as groups of small 
cells {in a single Inyer) 
; in a more or less alter- 
1, nate fashion. 

When the media 
contracts, the intima is 
thrown into longitudinal 
folds. 

The aorta has, in the 
SootioD thronBt innermost and in the 
J -,, outermost parts of the 

media, numbers of lon- 
gitudinal and oblique 
muscle cells. Accord- 
ing to Bardeleben, all 
large and middle-sized 
arteries have an inner longitudinal muscular coat 

101. Between the media and the next outer lajer 
there is, in larger and middle-sized arteries, a special 
elastic membrane, the eltutiica ocleT-na of Henle, 
(d) The adventitia is a relatively thin fibrous con- 
nective tissue membrane. In large and middle-sized 
arteries there are numbers of elastic fibres present. 
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especially in the part next to >the media; they 
form networks, and have chiefly a longitudinal 
direction. 

The larger the artery the more inaignifioant is the 
adventitia as ci>m[Hired with the thickness of media. 

In microscopic arteries (Fig. 60), the 
adventitia is represented by thin bundles 
of fibrous connective tissue and branched _ 
connective tissue cells. 

Lai^e and middle-aized arteries pos- 
sess their own system of blood-vessels 
(vasa vasorum), situated chiefly in 
the adventitia and media ; lymphatic 
vassels and lymphatic clefts are al»o ' 
present in these coats. 

102. (c) The veins differ from the 
arteries in the greater thinness of their 
wall. The intima and media are similar 
to those of artpories, only thinner, both 
absolutely and relatively. The media 

Ins in mast veins circularly ar- '''ft,'^o~^)'"'j" 
il muscular fibres ; they form a con- Arcerr. 
is layer, as in the arteries, and ''i^^f^^i^ 
there is between them generally more [™i 1* « ifog" 
fibrous connective tissue than elastic. ifri^J3°^a„^ 
The adventitia is usually the thickest coat, f^Jj^f '^'™'""* 
iind it consists chiefly of flbrous connec- 
tive tissue (Fig. 59). The smallest veins — i.e., before 
I»aasing into the capillaries — are comjKised of a lining 
endothelium, and outside this are delicate bundles of 
connective tissue forming an adventitia. The valves 
of the veins are folds, consisting of the endothelium 
lining the surface, of the whole intima, and of part 
of the muscular media. 

103. There are many veins that have no muscular 
fibres at all, e.i?., vena juijularis^intema and externa 
— the vena subclavia, the veins of the liones and 
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retina, and of the membranes of the brain and cord. 
Those of the gravid uterus have only longitudinal 
muscular fibres. The vena cava, azygos, hepatica, 
spermatica interna, renalis and axillaris, possess an 
inner circular and an outer longitudinal coat. The vena 
iliaca, cruralis, poplitea, mesenterica, and umbilicalis 
possess an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the venae 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the venge pulmonales and venae 
cavae possesses stripvfd muscular fibres, these being 
continuations of the muscular tissue of the auricles. 

105. Hoyer showed that a direct communication 
exists between arteries and veins without the inter- 
vention of capillaries — ^as in the matrix of the nail, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit. 

In the cavernous tissue of the genital organs 
veins make large irregular sinuses, the wall of which 
is formed by fibrous and non-striped muscular tissue. 

106. (d) The capiliaiy blood-vessels are 
minute tubes of about g-oVo ^ toVo ^^ ^^ \xi(^ in 
diameter. Their wall is a single layer of transparent 
elongated endothelial plates, united by thin lines of 
cement substance (Fig. 61); each cell has an oval 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane lining 
the arteries and veins. 

In some, places the capillaries possess a special 
adventitia made up of branched nucleated connective 
tissue cells (hyaloidea of frog, choroidea of mammals), 
or of an endothelial membrane {pia mater of brain 
and cord, retina and serous membranes), or of adenoid 
reticulum (lymphatic glands, His). 

The smallest capillaries are found in the centraj 
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J system, the largest in the marrow of bone. 
The capillaj-ies form networks, the richness and 




Fie. U.— From a FceKnitlaii of the FerUoneuia, staiuad 
witb KltnU ot Silier. 




aiTftngement of which vary in the different organs^ 
according to the nature and arrangement of the ele- 
mente of the tissue (Fig. 62). 



88 



Elements of Histology, 



[.Chap. X« 



107. If capillaries are abnormally distended, as 
in inflammation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to give 
way in the shape of minute holes, or stljmata^ which 
may become larger holes, or stomata. The passage 
of red blood corpuscles (diapedesis), and the migration 
of white corpuscles in inflammation through the 
unbroken capillaries and small veins, occur through 
these stigmata and stomata. 

108. Youngs and Oronring^ Capillaries, both 
of normal and pathological tissues, possess solid thread" 




Fig. 63.— From a Preparation of Omentmn of Babbit, after stoioiug with 

Nitrate of Silver, 

», A minute vein ; a, solid protoplasmic prolon^mtiohs of the wall of a capillary, 
connected with connective tissue corpuscles ; c, a solid young bud. (Atlas.) 

like shorter or longer nucleated protoplasmic processes 
(Fig. 63), into which the canal of the capillary is 
gradually prolonged, so that the thread becomes con- 
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verted into a new capillary branch. Such growing 
capillaries are capable of contraction (Strieker). 

All blood-vessels, arteries, veins, and capillaries, 
in their early stages, both in embryonal and adult life, 
are of the nature of minute tubes, the wall of 
which consists of a simple endothelial membrane. 
In the case of the vessel becoming an artery or vein, 
cells are added to the outside of the endothelium, 
thus forming the elastic, muscular, and fibrous con- 
nective tissue elements of the walL . 

109. In the first stage, both in the embryo and 
in the adult, the 
vessel is repre- 
sented by solid 
nucleated proto- 
plasmic cells, elon- 
gated or spindle- 
shaped or branch- 
ed : vasoformative 
cells. Such cells 
may be isolated 
and independent 
of any pre-exist- 
ing vessel, or 
they may be 
solid protoplasmic 
outgrowths of the 
endothelial wall of 
existing capil- 
lary vessels (Fig. Y\%. W.— Developint? Capillary Blood-vessels 
64). In both cases ^rom the Tail of Tadpole. 

f Vipv "h<a/»rkTYio lirtl •» Capillarj' vein with clumps of pigment in the wall ; 
uiicjr uccuiuo \\Kf\r a, nucleated protoplasmic sprout ;/, solid anasto- 

lowed out by a 

process of vacuo! a- 

tion ; isolated vacuoles appear at first, but they 

gradually become confluent, and thus a young vessel is 

formed, at first very irregular in outline, but gradually 




mosis between two neiglibouring capillaries. 
(Atlas.) 
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acquiiing more and more of a tubular form. In the 
case of an isolated cell, its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into that of the 
capillary vesseL 

The wall of young capillaries is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multiplication from the nucleus of 
the original cell. In a later stage, a differentiation 
takes place in the protoplasmic wall of the capillary 
into cell-plates and cement substance, in such a way 
that each of the above nuclei appertains to one cell- 
plate, which now represents the final stage in the 
formation of the capillary. Both in the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existing 
capillary, may by active and continued growth give 
origin to a whole set of new capillaries (Strieker, 
Ati'anasieff, Arnold, Klein, Balfour, Ranvier, Leboucq). 



CHAPTER XI. 

THE LYMPHATIC VESSELS. 

110. The larg:e lymphatic trunks, such as the 

thoracic duct, and the lymphatic vessels passing to and 
from the lymphatic glands, are thin-walled vessels, 
similar in structure to arteries. Their lining endothe- 
lium is of the same character as. in an artery, and so are 
the elastic intima and the media with its circular mus- 
cular tissue, but they are very much thinner than in 
an artery of the' same calibra The adventitia is an 
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exceedingly thin connective tissue membrane with a, 
few elastic fibres. Tlie valves ai-e semi-lunar folds of 
the endotheiiiim and intima. 

111. The lymphatics in tlie tissues and organs 
form rich plexuses. They are tubular vessels, the wull 
of which is, like that of a capUIary blood-vessel, 
a single layer of endothelial plates {Fig. 65). The 
lymphatic is often many times wider Uian a blood 
capillary. The endothelial plates are elongated, but 




n a blood capillary, with i 
i outlines, but this depends on the amount of 
shrinking of the tissue in which the vessel is embedded ; 
when there is no shrinking in the tissue or in the vessel, 
the outlines of the cells are more or less straight 

The lymphatics are supported by the fibrous con- 
nective tissue of the surrounding tissue, which does 
not, however, form part of their wall. 
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112. The outline of the vessel is not straight, but 
more or less moniliform, owing to the slight dilatations 
present below and at the seTnirlunar valves ; these are 
folds of the endothelial wall, and they are met with in 
great numbers. The vessel appears slightly dilated 
immediately beyond the valve, that is, "^on the side 
farthest from the periphery, or rootlet, whence the 
current of lymph starts. 

113. Tracing the lymphatic vessels in the tissues 
and organs towards their rootlets, we come to more or 
less irregular-shaped vessels, the wall of which also 
consists of a single layer of polygonal endothelial plates j 
the outlines are very sinuous. These are the lymr 
'pliatic capillaries ; in some places they are mere clefts 
and irregular sinuses, in others they have more the 
character of a tube, but in all instances they have 
a complete endothelial lining, and no valves. 

Sometimes a blood-vessel, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the character of a lym- 
phatic capillary; tliese are the perivascular lymphatics 
of His, Strieker, and others. 

114. The rootlets of the lymphatics are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tissua 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated ; 
where these are branched cells anastomosing by their 
processes into a network — such as the cornea, or serous 
membranes — we find that the rootlets of the lymphatics 
are the lacunae and canaliculi of these cells — the typical 
lymph-canalicular system of von Recklinghausen. (Fig. 
6(5). The endothelial cells forming the wall of the 
lymphatic capillaries are directly continuous with the 
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connective cells situated in the rootlets. In tendons 
and fascia the iniuut« lymphatics lie between the 
bundles, and have the shape of continuous long clefts 




Fig, «.— Prom a. Silier-Bbunod Prepaifttlon cT the Central TeDdonoI 
Uie Babbit's Siaphiagm. StaowiDe the direct couuection □( the 
LTttiph- cooAliouIar SjBtem of tbe TisADe with the Ljiupbatic 
Capillaiiea. 



I striped muscular tissue they have the 
same character, being situated between the muecular 

The passage of plasma from the minute arteries 
and capillary blood-vessels into the lymph- rootlets 
situated in.tJie tissues, and thence into the lymphatic 
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capillaries and lymphatic vessels, is the natural current 
of lymph irrigating the tissues. 

115. Ijymph cavities.— In some places the lym- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregularly-shaped large sinuses, much 
wider than the vessel itself ; these cavities are the 
lymph sinuses, and their wall is also composed of a 
single layer of more or less polygonal endothelial 
plates with very sinuous outlines. Such sinuses are 
found in connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &c. On the same footing — 1.6., as lymph 
sinuses — stand the comparatively large lymph cavities 
in the body, such as the subdural and subarachnoidal 

spaces of the central 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
sheaths, the cavity of 
the tunica vaginalis 
testis, the pleural, 
pericardial, and peri- 
toneal cavities. In 
batrachian animals, 
6.^., frogs, the skin all 
over the trunk and 
extremities is sepa- 
rated from the sub- 
jacent fasciae and 
muscles by large bags 
or sinuses — the sub- 
cutaneous lymph sacs. 
These sinuses are shut 
off from one another by septa. Between the trunk 
and the extremities, and on the latter, the septa 
generally occur in the region of the joints. In 
female frogs in the mesogastrium smaller or larger 




Fig. 67.— Stomata, lined with Germi- 
nating Endothelial Cells, as seen 
from the Cisternal Surface of the 
SepttimCistemee Lymphaticae Magnee 
of the Prog. (Handbook.) 
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cysts lined with ciliated endothelium i 

found. Behind the peritoneal cavity of the frog, 

on each side of the Tertebral column, exists a similar 

large lyinpli sinus, called the cistema lymphatica 

magna. 

116. In all instances these cavities are in direct 
communication with 
the lymphatics of the 
surrounding parts by 
holes or open mouths 
(sfofnii fa), of ten lined 
hy a special layer of 
polyhedral endothe- 
lial cells — germinat- 
ing cells (Figs. 67, 
68). Such stomata 

peritoneal surface of 
the central t«ndon of 
the diaphragm, in 
which are found 
straight lymph chan- 
nels between the 

tendon bundles, and these cliannels communicate here 
and there with the free surface by utomata, A 
similar arrangement exists on the costal pleura, the 
omentum, and the cisterna lymphatica magna of the 
frog. (See Chapter IV.) 

117. The serous membranes consist of endo- 
thelium upon a layer of fibrous tissue with networks 
of fine elastic fibres ; they contain networks of blood 
capillaiies and numerous lymphatic vessels ari'anged in 
(superficial and deep) plexuses. Those of the pleura 
costalis — or rather, intercostalis — and of the diaphrugm 
and pleura pulmonalia, are most numei-ous. They are 
im[K)rtant in the process of absorption from the pleural 
and peritoneal cavity respectively. Lymph tmd lymph 




la. ee.— Endothelium and Stomata of 
the FsrltoneHl Sortsfe of tlie Septam 
Cteteniee IirmpbHticte Hague et tba 
FroE. (Handbook.) 
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corpuscles, and other solid particles, are readily taken 
up by the stomata (see Fig. 23) and brought into 
the lymphatics. Here the respiratory movements of 
the intercostal muscles, of the diaphragm, and of 
the lungs produce the result of the action of a 
pump. 

118. There is a definite relation between the 
lymphatics and the epithelium which covers the 
mucous membranes and lines the various glands and 
also between the ^ endothelium covering serous mem- 
branes and that lining vessels and lymph cavities — 
viz., the albuminous semifluid cement substance (see 
former chapters) between the epithelial or endothelial 
cells is the medium by which fluid and formed matter 
pass between the surfaces and the lymph-canalicular 
system, i.e., the rootlets of the lymphatics. 

119. Ijymph taken from the lymphatics of dif- 
ferent regions differs in composition and structure. 
That from the thoracic duct contains a large amount 
of colourless or white corpuscles (lymph corpuscles), 
each of which is a protoplasmic nucleated cell 
similar in structure to a white blood corpuscle. 
They are of various sizes, according to the stage of 
ripeness. The smaller contain one, some of the larger 
contain two and three, nuclei The latter show more 
pronounced amoeboid movement than the small ones. 
A few red corpuscles are also met with. Granular 
and fatty matter is present in large quajitities during 
and after digestion. 

In the frog (and also in other lower vertebrates, 
e,g.^ reptiles) there exist certain small vesicular lymph 
cavities, about an eighth of an inch in diameter, 
which show rhythmic pulsation ; they are called lymph 
Iiearts, On each side of the os coccygis and under- 
neath the skin is a pulsating posterior lymph heart. 
The anterior lymph heart is oval, and situated on 
each side of the processus transversus of the third 
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and fourth vertebrae; it is rather smaller than tJie 
posterior one. The lymph hearts have an efferent ves- 
sel, which is a vein, and from them the venous system 




Fig. 69.— Developing Lymph-c&i>illaries in tne Tail of T&dpole. 
a. Solid nucleated protoplasmic branches not yet hollowed out. (Atlas.) 



of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Ranvier.) 

H— 1 
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120. Lymphatic ressels are developed and newly 
formed under normal and patholo^cal conditions in 
precisely the same way as blood-vessels. The accom- 
panying woodcut (Fig. 69) shows this very welL We 
have also here to do with the hollowing out of (con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 



CHAPTER XII. 

FOLLICLES OR SIMPLE LYMPH-GLANDS. 

121. Under this name we include the blood- 
glands, or the conglobate gland substance of Hewson, 
His, and Henle, or the lymph-follicles (KoUiker, 
Huxley, Luschka). The ground- substance of all 
lymph-glands, simple as well as compound (see 
below), is the lymphatic or adenoid tissue, or leueo- 
cytogenous tissue. Like all other gland-tissue, it is 
supplied with a rich network of capillaries derived 
from an afferent artery, and leading into efferent 
veins. 

122. The elements constituting this tissue are : — 

(a) The adenoid reticulum (Fig. 70), a network 
of fine homogeneous fibrils, with numerous plate-like 
enlargements. 

(b) Small, transparent, flat, endotheloid cell-plates, 
each with an oval nucleus. These cell-plates are fixed 
on the reticulum, of which at first sight they seem 
to form part. Their oval nucleus especially appears 
to belong to a nodal point — Le,, to one of the 
enlargements of the reticulum ; but by continued 
shaking of a section of any lymphatic tissue, the oval 
nuclei and their cell-plates can be got rid of, so that only 
the reticulum is left, without any trace of a nucleus. 
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(c) Lymph-eorpuselea completely fill the meshes 
of the adenoid reticulum. These can, however, 
be easily shaken out. They are of different sizes ; 
some — ihe young ones — are small cells, with a com- 
parati vely 




The capillary blood-vessels supplying the adenoid 
ue receive a more or less distinct special investment 
ID the adenoid reticulum ; this is the capillary 
adventitia. 

123. The adenoid tissue occurs as t 
(!) Diffum adenoid tiasue, without any definite 
arrangement. Tliia occurs in the subepithelial layer of 
the mucous membrane of the nasal fossse and trachea, 
ia the mucous membrane of the false vocal cords and 
thb ventricle of the larynx, in tlie posterior part of 
the epiglottis, in the soft pulate and tonsils, at the 
root of the tongwe, in the pharynx, in the mucosa 
of the small and large intestine, including the vUtv 
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of the former ; and in the mucous membrane of the 
nasal cavity and vagina. 

(2) Cords, cylinders, or patches of adenoid tissue; 
in the omentum and pleura, and in the spleen (MhI- 
pighian corpuscles). 

(3) Lymph /ollictes, i.e., oval or spheidcal masses 
more or less well defined ; in the tonsils, at the root 
of the tongue, in the upper part of the pharynx (pharynx- 
tonsil), in the stomach, small and large intestine ; in 
the nasal mucous membrane, in the large and small 
bronchi ; and in the spleen (Malpighian corpuscles). 

124. The (onsUs (Fig. 7 1) are masses of lymph folli- 
cles and diffuse adenoid tissue covered with a thin mucous 
membrane, wliich penetrates in the shape of longer or 



' V 



J" 



) 



ertusl Seotioa Uironsli put ot the Tondl or Dog. 



Chap. XII. J Simple Lymphatic Glands, ioi 

shorter folds into the substance within. Numbers of 
mucus-secreting glands situated outside the layer of 
lymph follicles discharge their secretion into the pits 
(the crypts) between the folds. The free surface of 
the tonsils and the crypts is covered or lined with the 
same stratified epithelium that lines the oral cavity. 
Numbers of lymph corpuscles constantly, in the per- 
fectly normal condition, migrate through the epithe- 
lium on to the free surface, and are mixed with the 
secretions (mucus and saliva) of the oral cavity. The 
so-called mucous or salivary corpuscles of the saliva, 
taken from the oral cavity, are such discharged lymph 
corpuscles (Stohr). They become swollen up by the 
water of the saliva, and assume a spherical shape. 
They finally disintegrate. 

Similar relations, only on a smaller scale, obtain 
at the root of the tongue. 

The pharynx tonsil of Luschka, occurring in the 
upper part of the pharynx, is in all essential respects 
the same as the palatine tonsil. Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
lium, some of the crypts in the pharynx tonsil are also 
lined with it. 

125. The lenticular inlands of the stomach are 
single lymph-follicles. 

The solitary g^lands of the small and large 
intestine are single lymph-follicles. 

The ag^minated g^lands of the ileum are groups 
of lymph-follicles. The mucous membrane containing, 
them is much thickened by their presenca These groups 
of follicles are called a Peyer^s patch or a Beyer's gland. 

126. In most instances the capillary blood-vessels 
form in the lymph-follicles meshes, arranged in a more 
or less radiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion of the 
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circumference of the follicles of the tonsils, phaiynx, 
intestine, bronchi, &c., is surrounded bj a lymph 
sinus leading into a lymphatic vessel. The lymphatic 
vessels and lymph sinuses in the neighbourhood of lym- 
phatic follicles or of diffuse adenoid tissue are almost 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

127. The Thymns gland consists of a frame- 
work and the gland substance. The former is fibrous 
connective tissue an*anged as an outer capsule, and 
in connection with it are septa and trabeculse passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into the 
follicles (Fig. 72). The follicles are very irregular 
in shape, most of them being oblong or cylindrical 
streaks of adenoid tissue. Near the capsule they are 
well defined from one another, and present a poly- 
gonal outline ; farther inwards they are more or less 
fused. Each shows a central transparent meduUa 
and a peripheral less transparent cortex (Watney). 
At the places where two follicles are fused with one 
another the medulla of both is continuous. The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser and shorter, those of the cortical portion 
of the follicle finer and longer. The meshes of the 
adenoid reticulum in thecortical part of the follicles are 
tilled with the same lymph-corpuscles as occur in the 
adenoid tissue of other organs, but in the medullary 
part they are fewer, and the meshes are more or less 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places the 
endotheloid cells are granulai*, and include more than 
one nucleus ; some are even multinucleated giant cells. 

128. There occur in the medulla of the follicles, 
larger or smaller, more or less concentrically -arranged 
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nucleated protoplasmic cells, vhich a 
bodies of Hmaall (Fig. 73). They ai 
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in the early stages of the life of the thymus, and 
cannot therefore be connected with the involution oi 
the gland, as maiutained by Afauassief, according to 
whom the concentric cor 
puscles are formed in 
blood-vessels which there- 
by become obliterated 
According to Watney 
they are concerned in the 
formation of blood 




The lymphatics of the 
interfoliicular septa and trabecule always contain 
numbers of lymph corpuscles. The blood capillaries 
of ^e follicles are more richly distributed in the 
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cortex tLan in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After birth, the thymus begins to undergo 
involution, leading to the gradual disappearance of 
the greater portion of the gland, its place being taken 
by connective tissue and fat. But the time when 
the involution is completed varies within very wide 
limits. 

It is not unusual to find in persons of fifteen to 
twenty years of age an appreciable amount of thymus 
tissue. In some animals — 6.^., guinea-pig — the involu- 
tion of the gland even in the adult has not made much 
progress. In the thymus of the dog Watney found 
cysts lined with ciliated epithelial cells. 
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CHAPTER XIII. 

COMPOUND LYMPHATIC GLANDS. 

130. The compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic, 
sternal, cervical, cubital, popliteal, inguinal, lumbar, 
glands. Afferent lymphatic vessels anastomosing into 
a plexus open at one side (in the outer capsule) into 
the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tubes. 

131. Each true lymphatic gland is enveloped in a 
fibrous capsule which is connected with the interior and 
the hilum by trabeculce and septa of connective tissue. 
The trabeculse having advanced a certain distance, about 
one-third or one-foui'th, towards the centre, branch into 
minor trabeculse, which in the middle of the gland anasto- 
mose with one another so as to form a plexus with small 



p.xiii.] Compound Lymphatic Glands. 



'05 



meshes. Thus the peripheral third or fourth of the 
gland is subdivided by the septa and trabeculse, into 
relatively large spherical or oblong compartmenta, while 
the middle portion is made up of relatively small cylin- 
drical or irregularly-shaped compartment (Fig- 74). 
The former region is the crrrtKx, the latter the medulla of 
the gland The compartments of the cortex anastomose 
with one another »nd with those of the medujji, and 
these latter al^o form one intercommunicating system 
The hbrous capaule the septa and trabecular are 
the earners of the vasculir trunks, the trabeciil* 
consist of fibrous connectue tissue and of a certain 




amount of non-striped muscular tissue, which is con- 
spicuous in some animals — e.g., pig, calf, rabbit, 
guinea-pig — but is scanty in man. 

Sometimes ooarsely granular connective tissue cells 
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(plasma cells) are present in considerable numbers in 
the trabeculse. 

132. Tlie compartmentB contain masses of adenoid 
tissue, without being completely filled with it ; those 
of the cortex contain oval or Bpherioal masses — (Afl 
lymph foUides of the cortex ; those of the medulla 
cylindrical or irregularly-shajied masses — the medullary 
cylinders. The former anastomose with one another 
and with the latter, and the latter amongst them- 
selves, a condition easily understood from what has 
been said above of the nature of the compartments 
containing these lymphatic structures. The follicles 
and medullaiy 
cylinders consist 
of adenoid tissue 
of exactly the 
same character as 
tliat described in 
the previous chap- 
ter. And this 
tissue also con- 
tains the last rami- 
fications of the 
blood-vessels, i.e., 
the last branches 
of' the arteries, a 
rich network of 
capillary blood- 
vessels, and the 



ion througlL a 




branches of the 
veins. The 

capillaries and 
other vessels re- 
ceive also here 
I adventitious envelope from the adenoid reticulum. 
133. The cortical follicles and the medullary 
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cf lindei'3 do not completely fill out the compartments 
made for them by the capsule and trabeculse respec- 
tively, but a narrow peripheral zone of each compait- 
ment is left free ; this b a lymphatic sinus. In the 
cortex it is spoken of as a c'^rlical {Fig. 75), ia the 
medulla afl a itiedyMary, lym/ph »v)vua (Fig. 76), The 
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former ia a space between tlie outer surface of the 
cortical lymph follicle and the corresponding part of 
the capsule or cortical septum, tlie latter between the 
surface of a medullary cylinder and the trabeculie. 
From what has been said of the relation of the com- 
jiartmenta, it follows that the cortical and medullary 
lymph sinuses form one intercommunicating system. 
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These are not empty free spaces, but are filled with a 
coai-se reticulum of fibres, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
cell plates — endotheloid plates. In some instances (as 
in the calf) these cell-plates of the medullary sinuses 
contain brownish pigment granules, which give to the 
medulla of the gland a dark brown aspect. In the 
meshes of the reticulum of the sinuses are contained 
lymph-corpuscles, the majority of which consist of a 
comparatively large protoplasmic body, and one or two 
nuclei ; they show lively amoeboid movement ; a few 
small lymph-corpuscles are also amongst them. 

The surface of the trabeculse facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Kecklinghausen), and a similar endothelial 
membrane, but not so complete, can be made out on 
the surface of the cortical follicles and the medullary 
cylindera The endotheloid plates, applied to the 
reticulum of the sinuses, are stretched out, as it were, 
between the endothelial membrane coveruig the sur- 
face of the trabeculse on the one hand and that 
covering the surface of the follicles and cylinders on 
the other. 

In the mesenteric glands of the pig the distribu- 
tion of cortical follicles and medullary cylinders is 
almost the reverse from that of other glands or in 
other animals. 

134. The afferent lymphatic vessels having entered 
the outer capsule of the glnnd, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The medullary lymy)h sinuses lead 
into lymphatic vessels, which leave the gland at the 
hilum as the efierent vessels. 

Both afferent and efferent vessels are supplied 
with valves. 

135. The course of the lymph through a lymphatic 
gland Ls this — from the afferent* vessels, situated in 
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the capsule, into the cortical lymph sinuses, from 
these into the medullary sinuses, and from these into 
the efferent lymphatics. Owing to the presence of 
the reticulum in the lymph -sinuses the current of the 
lymph will flow very slowly and with difficulty, as if 
through a spongy filter. Hence a large number of 
formed corpuscles, pigment, inflammatory or other 
elements, passing into the gland by the afferent vessels 
are easily arrested and deposited in the sinuses, and 
are there readily swallowed by the amoeboid corpuscles 
lying in the meshes. 

Passing a stream of water through the gland, the 
contents of the meshes of the reticulum of the sinuses — 
t.e., the lymph corpuscles — are of course the first things 
washed out (von Recklinghausen), and on continuing 
the stream some of the lymph corpuscles of the 
follicles and cylinders are also washed out. Probably 
also by the normal lymph-stream through the gland, 
lymph-cells are drained, as it were, from the follicles 
and cylinders into the sinuses. The amoeboid move- 
ment of these cells will greatly assist their passage 
into the sinuses. From here the cells are carried 
away by the efferent lymph vessels, and are ultimately 
washed into the circulating blood as white blood cor- 
puscles. 



CHAPTER XIV. 

NERVE-FIBRES. 

136. The nerve-fibres conduct impulses to or from 
the tissu^^s and organs on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part. The latter, i.e.. 
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■e-fibres projier, ia the cerebro-spmal nerves are 
groujied into buodli^s, and these agiua into aiiatoDiical 
nerve-branclies and nerve-tmnks. Each anatomical 
cerebro- spinal nerve constats, therefore, of buiidlea of 
nerve-fibres {Fig. 77). The general Btroma by which 
these bundles are held toother is fibrous conuectdTa 
tissue called the Spineurium (S.ey and Getzius) ; this 
epineurium is. the carrier of the larger and smaller 
blood-vessels with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat-cells, and 
Bometimes of numerous plasma cells. 

137. The nen-e-bundlBS oT/unicuH (Fig. 78) varyin 
size according to the numVier and size of the nerve-tibrea 
they contain. They are well-defined by a sheath of their 
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called perine^iriuw. (Key and EetziuK). This peri- 
" consists of bundlsaof fibrous conn ectivi ' 
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Lnged in lameUie, every two lameUie being separated 
from one anotlier by smaller or lai^er lymph spacer 
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which form an intercommunicating system, and 
anastomose with the lymphatics of the epineurium 
whence they can be injected. Between the lamellae, 
and in the spaces, are situated flattened endotheloid 
connective tissue corpuscles. 

The nerve-bundles are either single or compound. 
In the former the nerve-fibres contained in a bundle 
are not sub-divided into groups, in the latter the 
bundles are sub-divided by thicker and thinner septa 
of fibrous connective tissue connected with the peri- 
neurium. When a nerve-bundle divides — as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral distribution — each branch of the bundle receives 
a continuation of the lamellar perineurium. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groups of them, each of these has also a continuation 
of the fibrous tissue of the perineurium. In some 
]>laces this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
Henys sheath, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called the Endonev/rium 
(Fig. 78). This is a homogeneous ground substance in 
which are embedded fine bundles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Retzius. 
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When nerve trunks anastomose so as to form a 
plexus — eg in the braclual or sacral plexiia — there 
occurs an exchange and re arrangement of nerve- 
bnndleB in the branches A similar condition obtains 
in the ganglia of the cerebro-spmal nerres. Nerve- 







trunks and nerve-branches passing through a IjTiiph 
cavity, such as the suhdural spaces, or the sub- 
cutaneous lymph sacs, or the ci sterna lymphatica 
magna in the frog, receive from the serous merabrane 
an outer endothelial covering. 

139, Most of the nerve-fibres in the bundles of 
the cerebro-spinal nerves, with the exception of the 
olfactory nerve, are vieduUated nerve-Jihrea. These 
are doubly contoured smooth cylindrical fibi-es, 
varying in diameter between tj^Vjt and Y^Jjny ^f an 
inch. Within the same nerve, and even within the 
same nerve-bundle, there occur fibres which are 
several times thicker than others, and it is pro- 
bable that they are derived from different i 
Schwalbe has shown that the thickness of the n 
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fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to its functional 
activity. 

A mediUlated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-agents — as water, salt solution, dilute 
acids — or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark -bordered droplets and masses 
appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degeneration during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
which gradually become absorbed. 

140. Each medullated nerve-fibre (Figs. 79, 81) 
consists of the following parts : (a) the central axis 
cylinder. This is the essential part of the fibre, and is 
a cylindiical or bandlike, pale, transparent structure, 
which in certain localities" (near the terminal distribu- 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillse — the elementary or primitive fibrillce 
(Max Schultze) — held together by a small amount of a 
faintly granular interstitial substance. The longitu- 
dinal striation of the axis cylinder is due to its being 
composed of primitive fibrillae. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibre. The axis cylinder itself is en- 
veloped in its own hyaline more or less elastic sheath 
— the Axilemma (Kiihne), composed of neurokeratin. 
I— 1 
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141. (6) 'Yhn'medvXlary ilieaOi or whitesubstaoceof 
Schwann is also called the medulla of the nei've-fibre. 
This b a glistening bright fattj substance surround- 
ing the axis cylinder, as an insulating hollo'w cylinder 
surrounds an electric wire. The medullary sheath 
given to the nerve-fibre its double or dark contour. 
Between the axta cylinder and the medullary sheath 
there is a small amount of albuminous fluid 
which appears greatly iucreaaed 

1] 1 1 , when the former, owing to shrink- 

I ilj ing, stands farther apart from the 

Utter. 

142. (c) The aheath of Schwann, 
or the tieurilemma, closely surrounds 
the medullary sheath, and forma 
the outer boundary of the nerve- 
fibre. It is a delicat* structure- 
less membrane. Here and there 
between the neurilemma and the 
medullary sheath,' and situated in 
a depression of tlie latter, is an 
oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the nerve 
coTpu»cle» (Fig. 79), and are analo- 
nJSS^' w" ^sirifr gous to the muscle corpuscles, situ- 
fb °" iiiS^iTwIider, ated between the aarcolemma and 
1^-Mb bu b^D d[>' the striated muscular substance. 
S^'^-iH^Hi oh- They are not nearly so numerous as 
'(^"nrnFcnrpua^H the muscle corpusclcs. 
kiSS. utUiir"' 143. The neurilemma presents 

at certain definite intervals annulav 
constrictions, the liodeB or eon»triction» o/Ranvier { Kga, 
79, 8U, 81), andat these nodes of Ranvier the medullary 
sheath, but not the axis cylinder and its special sheath, 
is suddenly interrupted and sharply terminates. The 
{Mrtion of the nerve-fibre situated between two nodes ia 




th« infemodal segTit^ent Each intemodal Bfgment has 
geaerallf one, occasionally 
corpuscle. The medul- 
laiy cylinder of each in- 
temodal segment ia made 
up of a number of coni- 
cal sections (Fig. 81a) 
irabricRted at their ends 
(Schmidt, Lanterraanii) 



SKchmidt, JjanterraaniiJ \{ mwl 
Fig, 81), and each such }'.§ \{i 
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ternntedlv Irom one HgiatDt 
intoHH ot1i«r, but tbe meduU 
\Kg iImUi li inwmiptpd. 




Fig- £0. — Hednllated Verne - fibres. 



section b again made up of 
a large number of rod-like 
structures (Fig. 82) placed 
vertically on the axis cylin- 
der. 

These rods are, how- 
ever, connected into a net- 
work. The network itself 
is very likely the neuro- 
keratin of Ewald and Kiihne, 
whereas the interstitial sub- 
stance of the network is 
probably the fatty sub- 
stance leaving the nerve- 
fibre in the shape of droplets 
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when pressure or reagents are applied to the fresh 
nerve-fibre. 

144. MeduUated nerve-fibres wt(/i«u< any nmiri- 
lemma, and consequently without any nodes of Ranvier, 






distinctly laminated medul- 
laiy sheath, form the 
white substance of the 
brain and spinal cord. 
Is tliese organ's, in the 
hardened and fresh state, 

may be noticed, which 
show more or less regu- 
lar varicosities, owing to 
local accumulations of 
fluid between the axis 
cylinder and medullary 
sheath. These are called 

They occur also in the 
brunches of the sympa- 

The uerve-fibrea of 
AH c the op^c and acouttic 

Fig. 81— lUdoUated Norre-fltoeB. vixrve are meduUated, 
A, B, iiiow^g ffli • ^"^ 'wTii'*"' ^^^ without any neuri- 
STmiii w^ndw tta'^mXRlwiriiMrB 'emma ; varicose fibres 
wtih ihfir veriiwjiiif-MTMimji minute are Common in them, 
?u1^t^iM.h«S"Ju'BS.) '°™ " 'US. MeduUated 

nerve-fibrea occasionally 
in their course divide into two meduUated fibres. Sui^ 
division is very common in meduUated nerve-fibres 
supplying striped muscular fibres espectaU> at or near 
the point of entrance into the muscular fibres. (See 
below.) But also in other locahties division of nerve- 
fibi'cs may be met with. The electnc nerve of the 
electric fishes ifi.g., malapterurus, gyninotus, silunis) 
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shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a meduUated fibre takes 
place generally at a node of Ranvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When medullated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a non-medullated^ or Remakes nerve- 
fibre. Each of these consists of an axis cylinder, a 
neuiilemma, and between the two a nucleated nerve 
corpuscle from place to place. Non -medullated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-branches are 
entirely made up of non-medullated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

In the course of many of the branches of the cerebro- 
spinal nerves there occur non-medullated fibres gene- 
rally in small groups j these tibres are considered to be 
derived from the sympathetic system, having joined 
the cerebro-spinal nerve by the grey portion of the 
ramus communicans (Gaskell). The non-medullated 
fibres near their terminal distribution always undergo 
repeated divisions. They form plexuseSy large fibres 
branching into smaller ones, and these again joining 
(Fig. 83). Generally at the nodal points of these 
plexuses there are triangular nuclei, indicating the 
corpuscles of the neurilemma. 

147. Finally, the non-medullated nerve-fibres lose 
their neurilemma, and then we have simple axis 
cylinders. These branch and ultimately break up 
into their constituent primitive nerveJIhrUlce^ which 
occasionally show regular varicosities (Fig. 84). Of 
course, of a neurilemma or the nuclei of the nerve 
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corpiisclea there is ootbing left. These primitive 
£brillse branch and anastomose with one ajiother, and 
thiis fonu a network. The denBity of this uetwork 




FJ^. 83.-Fleiiu ot Fine Noi 



de'peuds on the number of primitive fibrils and the 
richness of their branching. These primitive fibrils 
and theit networks form the peri})heral terminalion, 
and this mode of termination occurs in the nerve- 
fibres of common sensation, as in many of the nerve- 
fibres of the skin, coi'nea, and mucous membratie& 



Nerve-fibres. 



In all these cases the peripheral termiaation, i.e., the 
primitive fibrils and tlioir ramilications, are intra- 




epithelial (Fig, 85), i.e.,they are situated in the stratum 
Molpighii of the epidermis, in the ejiithelial parts of the 
hair follicle, in the anterior epithelium of the cornea, 
and in the epithelium of the mucous membranes. The 
primitive nerve-fibrils lie in the interstitial substance 
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hetvx&n the epithelial cells, and some of them hi 
lieen observed to end with minute swellings in 
cell substance itself close to the nucleus (Ffitzr 
Macallum). 

148. Tracing then a lierve-fibre, say one of 




sensation, from the periphery towaTda the centre, we 
have isolated primitive Jibrih or networks of them ; 
they form by association simple axis cylinderg, which 
vary in thickness according to the number of their 
constituent primitive fibrils. Tliese simple axis cylin- 
ders form plexuses. By association they make larger 
axis cylinders, and these becoming invested with a 
neurilemma, and with the nuclei of nerve corpus<les, 
form Twn-niedidlated nerve-JibreB. These also form 
plexuses, Ijastly, a medullary sheath makes its ap- 
pearance between the neurilemma and the axis cylinder, 
and this constitutes a meduUated nerve-Jibre. 
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CHAPTER XV. 

PERIPHERAL NERVE-ENDINGS. 

149. In the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillae, and as networks of these, has been described 
in the epithelium of the skin and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a meduUated 
nerve-fibre, and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser depth. Such are the corpuscles of Pacini and 
Herbst, the end- bulbs of Krause in the tongue and 
conjunctiva, the genital end-corpuscles or end-bulbs 
in the external genital organs, the corpuscles of 
Meissner, or tactile corpuscles, in the pai)ill9e of the 
akin of the volar side of the fingers, the touch-cells of 
Merkel in the beak and tongue of the duck. 

. 150. The Pacinian corpuscles. — These are 
also called Vater's corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand and foot of man, in the mesentery of the 
cat, along the tibia of the rabbit, in the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less pointed, and in some places 
(palm of the human hand, mesentery of the cat) 
easily perceptible to the unaided eye, the largest 
being about ^^th of an inch long and ^*^th of an 
inch broad ; in other places they are of microscopic 
size. Each possesses a stalky to which it is atUiched, 




IJ2 Elements of Histology. [Ch«p.xv. 

and which consists of a single medv.llo.Ud nerve-fibv'. 
(Fig. 86), differing from an ordinary medullated 
nerve-fibre merely in the fact that outside its 
neuriJeiuiaa there is pre- 
sent a tliick laminated 
connective tissue sheath. 
This is the sheath of 
Henle — continuous with 
the perineural sheath of 
the nerve branch with 
which the nerve-iihre is in 
connection. This medul- 
lated nerve-fibre within its 
slieath possesses generally 
a very wavy outline. The 
corpuscle itself is com- 
j)OBed of a large number of 
lamellte, or capsules, more 
or less concentrically ar- 
id a centred 
m//indrical 
clear apace. This space 
contains iu its axis from 
the prosimal end, i.e., the 

., TlieiDean1J»l^^n^r.e.flbre,(.che ^^^ neaTCSt tO the BtaIk,tO 

near the opposite or distal 
end, a continuation of the nerve-fibre in the shape 
of a simple acci* cylinder. But this axis cylinder 
does not fill out the central space, since there is 
all round it a space left filled with a trans|>arent 
substance, iu which, in some instances, rows of sphe- 
rical nuclei may be perceived along the margin of 
the axis cylinder. At or near the distal end of the 
central space the axis cylinder divides in two or 
more brano/tes, and these terminate in pear-shaped, 
oblong, spherical, or irregularly -sliaped granular- 
looking enlargements. 



ranged . 
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151. The concentric capsules forming the coipuscle 
itself are disposed in a different manner at the peiipliery 
and near the central space from that in which they 
are disposed in the middle parts, viz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we always notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
places. Each capsule consists of — :(a) a hyaline, pro- 
bably elastic, ground substance, in which are embedded 
h6re and there (6) Jlne bundles of connective tissue 
fibres; (c) on the inner surface of each capsule, i.e., 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nucleated endothelial 
plates. The oblong nuclei visible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley). 
Neighbouring capsules are occasionally connected with 
one another by thin fibres. 

152. In order to reach the central space of the 
corpuscle, the medullated nerve-fibre has to perforate 
the capsule at one pole ; thus a canal is • formed 
in which is situated the medullated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central space. This 
part of the nerve-fibre may be called the interme- 
diate part. The lamellae of the sheath of Henle 
pass directly into the peripheral capsules of the 
corpuscle. 

Immediately before entering the central space, 
the nerve-fibre divests itself of all parts except the 
axis cylinder, which, as stated above, passes into 
the central space of the Pacinian corpuscle. In some 
cases a minute artery enters the corpuscle at the 
pole, opposite to the nerve- fibre ; it penetrates the 
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peripheral capRules, aad supplies them with a few 

capillary vessels, 

153. The rorpascles of Ilerbst are similar to 

the Pacinian corpuscles, with this diffei*nce, that they 

are smaller and more eloagated, that the axis cylinder 
of the central space is bordered by 
a continuous row ot nuclei, and 
that the capsules are thinner and 
more closely plared (Fig, 87). 
This applies especially to those 
near the central space, and liere 
between these central capsules we 
niiss the nuclei indicating the en- 
dothelial plates. Such is the nature 
of Herbst's corpuscles inthemucous 
membrane of the tongue of the 
duck, and to a certain degree also 
in those of the rabbit, and in 

194. The tactile corpus 
cles, or corpu«>cle« of Kleiss- 
ner, occur in the papillte of the 
corium of the volar side of the fin- 
gers and toea in man and in apes ; 
they are oblong, ■ straight, or 
slightly folded. In man they are 
about -j^ *" a off "' ^'^ mtAx long, 
and -j^ to 5^g of an inch 
broad. They are connected 
i fibre — generally one, occa- 
sionally, but rarely, two — with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullat«d fibre once or twice or oftener, and its 
Henle's sheath becomes fused with the fibrous capsule 
or sheath of the tactile cor|iuscle. The nerve-fibre 
ultimately loses its medullary slieath and penetrates 




o^Dnd 



with a medullated t 
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into the interior of the corpuscle, where the i 
cylinder branches ; its branches re- 
tain a coiled course all along the 
ttictile corpuscle (Fig. 88), anastomose 
with one another, and terminate in 
slight eolai^ementfi, pear-shaped or ' 
cylindrical. These enlargements, ac- 
cording to Merkel, are touch cells. 
The matrix, or main part of the 
tactile corpuscle consists, besides the 
fibrous sheath with nuclei and numer- 
ous elastic fibres, of fine bundles of 
connective tissue, and of a number 
of nucleated small cells. 

155. The end -bulbs 
Krause. — These occur in the 
junctiva of the calf and of man, 
are oblong or cylindrical minute 
puscles situated in the deeper layers of 




Fie. 88.— A Tactile 
CorDuscleo[H«iB9- 



Of S^, 



the 




onjunctiv 



corneal 
margm. A medul 
lated ner\e hbre, 
with Henle's sheath, 
enters the coipnscle 
(Fig 89) Thj. 



I cleated capsule, and 

laminated (m man 

looking) structure, 
numerous nuclei be 
mg scatteied be 
tween the lamiuie 
Of the nerve-fibre, 
as a rule, only the 
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axis cylinder is prolonged into the interior of the 
corpuscle. Occasionally the meduUated nerve-fibre 
passes, as such, into the corpuscle, being at the 
same time more or less convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
nates with small enlargements (Krause, Longworth, 
Merkel, Key and Retzius). 

The eTid-bulhs in tJie genital organs, or the genital 
corpiiscles of Kraiise, are similar in structure to the 
simple end-bulbs. They occur in the tissue of the 
cutis and mucous membrane of the penis, clitoris, and 
vagina. 

156. The corpuscles of Orandry or toiich- 
corpuscles of Merkel, in the tissue of the papillae in the 
beak and tongue of birds, are oval or spherical cor- 
puscles of minute size, possessed of a very delicate 






Fig. 90.— Corpuscles of Grandry in the Tongue of Duck. 

A, Composed of three cells ; b, composed of two cells j c, showing the develop- 
ment of a Grandry's corpuscle from the epithelium covering the papilla; 
e,* epithelium ; n, nerve-flbre. (Izquicrdo.) 



nucleated membrane as a capsule, and consisting of a 
series (two, three, four, or more) of large, slightly- 
flattened, granular-looking, transparent cells, each with 
a spherical nucleus, and arranged in a vertical row (Fig. 
90). A medullated nerve-fibre enters the corpuscle from 
one side, and losing its medullary sheath, the axis cy- 
linder branches, and its branchlets terminate, according 
to some (Merkel, Henle), in the cells of the corpuscle 
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(touch-cells of Merkel) ; according to others (Key and 
iletzius, Ranvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the. * disc tactil ' of Ranvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but with minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulbs. According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
papillae, and also in the epithelium, in the skin of 
man and mammals. 

157. In articulations — e.^., the knee-joint of the 
rabbit — Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given off. Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers medullated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articular 
nerve-corpuscles. " 

158. The nerve brancheis {supplying: non- 
striped muscular tissue are derived from the 
sympathetic system. They are composed of non- 
medullated fibres, and the branches are invested in 
an endothelial sheath (perineurium). The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — the ground plexus of 
Arnold, Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
plexus (Fig. 91). The fibres joining this plexus are 
smaller or larger bundles of primitive fibril lae ; in 
the nodes or the points of meeting of these fibres 
are found angular nuclei. From the intermediate 
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In many localities there are isolated ganglion cells 
m connection with the intermuscular iibres. 

159 The nerves of blood-vessels ate derived 
from the eympathetic, and thoy terminate in arteries 
and veins m essentially the same ■way as in non 
atnped museulat tissun bein;; chiefly present m those 




GMoride of Qold 



pnrts (media) which contam the non stnped mnaeiilar 
tissue Bat there are also fine non medullated nerve 
tbres, which accompany capillary vessels — capillary 
arteries and capillary veins — and in some places they 
(live off elementary fibrils, which form a network around 
the vessel (Fig. 93). In some localities the vascular 
nerve branches are provided with small groups of 
ganglion cells. 

160. In striped muscle of man and mammals, 

reptiles, and insects, the termination of nerve fibres 

takes place, according to the commonly accepted view 

of Kiihn^ in the following manner '1^ — A. 'Di«>!ra&&\ji& 

j—1 
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nerse-fibre, generally derived from one that ] 
divided, enters under a Tariable angle a stripedj 
muscular fibre, tlio neurilemnia becoming fused withff 
the Barcoleiuinii, iuul Ihe nerve-iibre, either a 




Fig. U — SarTfr^mdiOBi 



point of entrance or soon after, loses its medullM 
abeath, bo that only the axis cylinder, with its i 
lemma, passes on, and then forma on the surfaoe e 
the muscular substance a terminal branched structiu 
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called the endplate Luch of tLese consists of several 
branchei, like antlers, iiisuig by division, the t»l(;a 
are loilhke, long, and ot the form of bayonets in the 
amphibia , in raamnialH they are crooked, hook like 
In all uistauces, however, the diYiMoits are unsyiO' 
luetncal In many cases th« nerve divisions in the 
endplato iirp eiiilitddtii ui a emnulai pliite of proto- 




gig-re- 



K 



im is identical with tlie substance of the Barcof;lia, 
the sai'Goplasma mentioned in a former page. 
When the muacnlar fibre contracts, this eodplate 
naturally assumes the slia-pe of a prominence — 
Doyire's nerve-mount. Ea^^li muscular fibre has n* 
least one nerve end plate, hut occasionally has 
■era) in near proximity. An endplate is generally 
Jied by one, aometimes, however, by two, nerve- 



131 



Elements of Histology. 



IChjp, XV. 



fibres. The contraction wave generally starts from 
the endplate. But besides this intra-inuscular ter- 
mination, there is a plexus of nerve-fibres, which 
is situated outside the sHrcolcmma — i.e., inter- 
muscular ; this 



others. AmJt 

considers these in- 
tenauscular fibres 




16I.XeDdoDS 

are supplied with 
special nerve end- 
ings, studied by 
Sachs, Rollett, 
Genipt, Rauber, 
and particularly 
Golgi, whose work 
terminations are 
the muscular insertion. Thej 




are of the following kinds : — (a) A medullated nerve 
fibre branches repeatedly, and the axis cylinder breaks 
up into a small plate composed of a network of fine 
primitive nerve-fibrila (Fig. ^h). (6) This network is 
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occasionally embedded in a gran alar-looking material, 
and thereby a similar organ as the nerve endplate in 
muscular fibres is produced (Fig. 96). (c) A medul- 
lated nerve-fibre terminates in an end-bulb (Fig. 97), 
similar to those of the conjunctiva, or of a Herbst's 
corpuscle. 



CHAPTER XVI 

THE SPINAL CORD. 

1 62. The sy)inal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamellae of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissue. The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph spaca 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculse of fibrous connective tissue, 
covered on its free surface — i.e., the one facing the 
sub-arachnoidal lymph space — with an endothelium. 

164. The innermost membrane is the pia mater. 
Its matrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexua 
of trabeculae of fibrous tissue, the surfaces of the 
trabeculse being covered with endothelium. By this 
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spongy tissue — ^the suh-arachnoid tissue (Key and 
lletzius) — the sub-arachnoid space is subdivided into 
a labyrinth of areolae. On each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue, called Uga/mentum 
denticulatum, between the arachnoidea and pia. By 
it the sub-arachnoidal space is subdivided into an 
anterior and posterior division. 

165. The sub-dural and sub-arachnoidal spaces do 
not communicate with one another (Luschka^ Key 
and Retzius). 

The dura mater, as well as the arachnoid, sends 
prolongations on to the nerve roots; and the sub- 
dural and sub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three membranes contain their own system of 
blood-vessels and nerve-fibres. 

166. The cord itself (Fig. 98) consists of an outer 
or cortical part composed of medullated nerve-fibres : 
the white matter, and an inner core of grey maUer, 
On a transverse section through the cord the 
contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts; it gradually increaaes in favour of the 
former as we ascend from the lumbar to the upper 
cervical portion. The grey matter presents in every 
transverse section through the cord more or less the 
shape of a capital H; the projections being the 
anterior and posterior horns or cornua of grey 
matter, and the cross-stroke being the grey com- 
miss^xre. In the centre of this grey commissure 
is a cylindrical canal lined with a layer of columnar 
epithelial cells ; this is the central canal ; the part 
of the grey commissure in front of this canal is 
the anterior, the rest the posterior, grey commissure. 
The shape of the whole figure of the grey matter 
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broader ; and in the lumbar reffion it ia ooraparatlvely 

very thin and broad. Besides this, of course, the relative 
proportions of grey and white matter, as mentioned 
before, indicate the region fi'OTii which the particular 
t of the' cord has been obtained. In the lower 
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cervical and lumbar regions where the nerves of the 
brachial and sacral plexus respectively join the cord, 
this latter possesses a swelling, and the grey matter 
is there increased in amount, the swelling being in 
fact due to an accumulation of grey matter, in which 
an additional number of nerve-fibres originates ; but 
the general shape of the grey matter is retained. 

167. The comua of the grey matter are generally 
thicker near the grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
which are so placed that they point towards the 
antero-lateral and postero-lateral fissures. The an- 
terior horns are generally thicker and project less 
than the posterior, and therefore the latter reach 
nearer to the surface than the former. 

168. The white matter is composed chiefly of 
medullated nerve fibres running a longitudinal course. 
They are arranged into columns, one anterior , one 
lateral, and one posterior column for each IcUeral 
half of the cord ; the two halves being separated by 
the anterior and posterior median longitvdinal 
fisswre. The anterior median fissure is a real fissure 
extending in a vertical direction from the surface of 
the cord to near the anterior grey commissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of neuroglia in a vertical 
direction from the posterior surface of the cord to the 
posterior grey commissure. The exit of the anterior 
or motor nerve roots, and the entrance of the posterior 
or sensitive nerve roots are indicated by the anterior 
lateral and posterior lateral fissures respectively. 
These are not real fissures in the same sense as the 
anterior median fissure, but correspond more to the 
posterior median fissure, being in reality filled up with 
neuroglia tissue, into which extends a continuation 
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from tlie pia mater with large vascular trunks. TLe 
white matter between the anterior median and ante- 
rior lateral fisaure is the anterior column, that between 
the anterior lateral and posterior lateral fiaaui'e is the 
lateral eolumn, and that between the posterior lateral 
and posterior median fissure is the posterior- column. 
169. Beside the septa situated in the two lateral 




iiBsurea respectively, there are other smaller septa: 
ueuroglia and prolongations of the pia mater, wbicti 
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pass in a vertical and radiating direction into the 
white matter of the columns, and they are thus sub- 
divided into a number of smaller portions ; one 
such big septum is sometimes found corresponding to 
the middle of the circumference of one half of the 
cord. This is the median lateral Qssure, and the 
lateral column is subdivided by it into an anterior 
and posterior division. 

Similarly, the anterior and posterior columns 
may be subdivided into a median and lateral division 
(Fig. 99). 

170. Some of these various subdivisions bear 
definite names (Tiirk, Charcot, GoU, Flechsig) : — 

(a) The median division of the anterior column is 
called the direct or uncrossed pyramidal fasciculus, 
being a continuation of that part of the anterior 
pyramidal tract of the medulla oblongata (see below) 
that does not decussate. 

(6) The anterior division of the lateral column is 
called the anterior root zone. 

(c) The direct cerebellar fasciculus is the super- 
ficial portion of the postero-lateral column ; it is 
a direct continuation of the white matter of the 
cerebellum. 

(c?) The posterior division of the lateral column 
inside the cerebellar fasciculus is called the fasciculus 
of Tiirk, or the crossed portion of the pyramidal fasci- 
culus, it being a continuation of the decussated part of 
the anterior pyramidal tiact of the medulla oblongata. 

(e) The lateral division of the posterior column, 
with the exception. of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior root 
zone. 

This part is connected directly with the median 
bundle of the posterior nerve roots. (See belaw.) 

(/) The median division of the posterior column is 
called the fasciculus of GolL 
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These various divisions can be ti'aced from the 
medullata oblongata into the cerviciil, and morp or 
less into the dorsal part of the cord, but farther (to«'n 
most of them are lost as separate tracts, except the 
crossed pTramidal fascicntus. 

171. Theifroiind substance (Fio;. 100) of both 
the white and grey matter — i,e., the stroma in 
which nerve-fibres, 

nerve cells, and blood 

vessels are embedded — - 

is a peculiar kind of con 

nective tissue, which 

is called by Virchow 

nearoglia and by Kol 

liker supporting tissue 

It consists of three dif ^ 

ferent kinds of ele- "^ 

ments: (a) a homoge- I'lg lOO p maTnin eBeSeotou 

neons transparent semi- Jtg ^w M™K^V*Icorf.'' 

fluid matrix, which in o. a aipMlal peripln™i conflrn.Miira n( 

hardened sections ap- mJau'iljiTBli "neive-ni™ at™n sS 
pears more or less gran- lim. "S""'}"" "'''"'^ " ''*° 
ular; (b) a network of 

very delicate fibrils — neuroglia fihriU — which are 
similar in some respects, but not quite identical with 
elastic fibres. In the columns of the white matter 
the fibrils extend chiefly in a longitudinal direction, 
in the grey matter they extend uniformly in all 
directions, and in the septa between the columns they 
extend for the most part radially. 

(c) Small branched nucleated cells intimately 
woven into the network of neuroglia fibrils. These 
cells are the neuroglia cells. The greater the amount 
of neuroglia in a particular part of the white or 
grey matter the more numerous are these three 
elements. 

172. In both the white and grey matter the 
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neuroglia has a very unequal distribution ; but there 
are certain definite places in which there is always a 
considerable amount, a condensation, as it were, of 
neuroglia tissue. These places are : underneath the 
pia mater, i.e, on the outer surface of the white 
matter : here most of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amount of neuroglia between the nerve- 
fibres of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
between the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A considei*able accumulation of neuroglia is 
present immediately around the epithelium lining the 
central canal ; this mass is cylindrical, and is Called 
the central grey nucleus of Kolliker. The epithelial 
cells lining the central canal are conical, their bases 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost. 

Another considerable accumulation of neuroglia 
exists near the end of the posterior grey horns, as the 
substantia gelatinosa of Rolando. 

173. The white matter (Fig. 101) is composed, 
besides neuroglia, of meduUated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, 
but are devoid of a neurilemma and its corpuscles. 
Of course, no nodes of Ranvier are observable. In 
specimens of white matter of the posterior columns, 
where the nerve- fibres have been isolated by teasing 
or otherwise, many fine medullated fibres are met 
with which show the varicose appeaT3j\\Qi^ \!ci^t&xwv^I 
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m a former chapter The meduIUted nerve-fibres, 
or rathei the matrix of their medullary sheath, con- 
tama neurokeratin The nerve tibres of the white 
matter run chiefly 
m a longitudinal ." .> 

direction, and they 
are separated from 
one another by the 
neuroglia. Here and 
there in the columns 
of white matter are 
seen connective tis- 
sue septa with ves- ' 
Bela, by which the 
nerve,- fibres are ^^ ^^^ ^ ttwuvbtub Section 

grouped more or through tlis Whita KatWc oi the Cord 

lesa distinctly in ^'ah™s*th"nSrV"'^i"'?*th mwS'rt.o 

divisions. li™ndiei]iieurogli»«lll. (AUm ) 

174. Although 
bioat of the nerve-hires constituting the columns of 
white matter are of a longitudinal direction — % e , 
passing upwards or downwards between the grey 
matter of the coi-d on the one hand, and the hrain and 
meilulla oblongata on the other— there are nevertheless 
a good many nerve-fibres and groujis of nerve-fibres 
which have an oblifjue or even horizontal course. 

Thus : (1) The anterior median fissure does not reach 
the anterior grey commissure, for between its bottom 
and the latter there is lite white eominiasure. This 
consists of bundles of medullated nerve-filires passing 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior born of one side, and the 
anterior white column of the opposite side (Fig. 98,(7). 

(2) Numerous medullated fibres are derived from 
the grey matter, and they pass in a horizontal or 
oblique direction into the white matter, especially i-T. 
considerable numbers into that of tibe \a,\eTe\. cic\>\^s.'&%. 
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Having entered the white matter, they take a longitu- 
dinal direction. Most of these fibres enter the white 
matter in the septa and septula, by which the nerve- 
fibres of the white matter of the columns are sub- 
divided, and having passed in a horizontal direction 
in the septa and septula, some for a shorter, others 
for a longer distance, they enter the columns and 
pursue a longitudinal coui-se. 

175. (3) The medullated nerve-fibres which leave 
the cord by the anterior nerve roots are comparatively 
thick fibres, which pass out of the anterior portion of 
the grey matter of the anterior horns in bundles; 
they pass through the white matter in an oblique 
direction by septa, and emerge in the anterior lateral 
fissure above mentioned. 

(4) The medullated nerve-fibres entering the cord 
by the posterior nerve roots are thinner than those of 
the anterior nerve roots ; they pass into the cord by 
the posterior lateral fissure. Having entered, they 
divide into two bundles, one median and another 
lateral. The fibres of the former pass in an oblique 
direction into the white matter of the posterior 
columns — the cuneiform fasciculus {see above) ; — and, 
having run in these in a longitudinal direction, again 
leave them, sooner or later, and enter, in a horizontal 
or slightly oblique direction, the grey matter of the 
posterior horns. The fibres of the lateral bundle, 
on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior horn. The nerve-fibres of 
the posterior roots entering the grey matter divide 
repeatedly, and show very markedly the varicose 
appearance. 

176. The grey matter consists, besides the 
uniform network of neuroglia fibres and neuroglia 
cells, of nerve-Jihres and of nerve-cells, or ganglion cells. 

The nerve-fibres are of three kinds — ^medullated 
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fibres, simple axis cylinders of yarions sizes, and primi- 
tive nerve-fibrillae. 

ThQ medtdlcUed nerve-fibres run a more or less 
horizontal course, and they belong to different 
sources: — 

(1) Medollated nerve-fibres connected directly — 
I.e., by the axis cylinder process (see below) — unth 
ganglion cells of ^ anterior horns ; they leave the 
anterior horns by the septa and septula, and they 
form the anterior nerve roots. 

(2) Medullated nerve-fibres which form the an- 
terior white commissure ; they are traceable from the 
anterior colunm of one side into the grey matter of 
the anterior horns of the opposite side, as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve -fibres derived indirectly 
from the median bundle of t/te post^^rior nerve root--- 
i,e,f coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from the lateral bvmdle of the posterior nerve- 
root Both these sets of nerve-fibres can be traced 
for longer or shorter distances in the grey matter of 
the posterior horns ; on their way they undergo 
numerous divisions into very fine medullated fibres. 

(4) Medullated nerve-fibres jxissing from the grey 
maUer into the white, matter of tJie lateral column. Some 
of these are nerve-fibres that pass simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
cells forming the columns of Clarke in the dorsal 
region (see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and pcwterior horn. 

177. The simple axis cylinders are found very 
numerously in the grey matter of all parts; they 
are of various sizes, and run in all directions^ many 
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of them, especially the larger ones, are only the first 
part of the meduUated nerve-fibres, being the axis 
cylinder process of a ganglion cell, which process, 
after a shorter or longer course in the grey matter, 
becomes ensheathed in a medullary sheath, and 
forms one of the medullated fibres. But there are 
also numerous fine axis cylinders, which are the 
last outrunners of the nerve-fibres entering the grey 
matter by the posterior roots. They are seen every- 
where, isolated and running in smaller or larger 
bundles, 

178. The primitive nerve fibrilUe form the greater 
part of the grey matter ; in fact the matrix of the 
grey matter of all parts is composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive JvbrUke (Gerlach). 
These are the groundwork into which pass, and from 
which originate, nerve-fibres. The nerve-fibres which 
are derived from the posterior roots having entered 
the grey matter of the posterior horn undergo 
repeated divisions, and ultimately become connected 
with this network of primitive fibrillse. Numerous 
nerve-fibres take their origin in the same net- 
work, and leave the grey matter as medullated nerve- 
fibres, which pursue a longitudinal course in the 
anterior and still more in the lateral column of the 
white matter. 

179. The ganglion cells ^Fig. 102) of the grey 
matter are of various sizes and shapes, the branched, 
or stellate, or multipolar shape being predominant; 
some have a more or less spindle-shaped or bipolar 
body, but each extremity may be richly branched. 
Each has a large nucleus enclosed in a membrane, and 
in it is a reticulum with one or two nucleoli. The 
largest ganglion cells occur in the anterior horns, 
likewise in Clarke's column of the dorsal region ; the 
smallest in the posterior horns. The ganglion cellB 
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are much more numciroua in the anterior horn than ii 
the posterior, whore thej are comparatively scarce. 

In the former they are all stellate or multipolar 
and form definite groups : (a) an antsri^ group 




Anterior Horn of tbe 
m, Aili ollDd«T Timc«H : &. pCgmenb. The 1mnftai»d vmnuft of tbp ^lUElltn 

f/») a TMdian or inner group, mid (c) a lateral grotip. 
The cells of the lateral group are the largest, those of 
the inner or median group are the smallest of the 
three. The lateral group of ganglion cells extends in 
the cervical region more or less into the white inattar 
of the lateral column. 
K— 1 
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, Throughout the dorsal cord, wliei« the grey 
commiaaure joina the pos- 
terior grey horn, there 
exist groups of large mol- 
tipoiar ganglion cttlB, the 
column of Clarke. 

In tie posterior horuB 
the ganglioa cells are few 
and far between. Most of 
, them belong to the portion 
of the posterior hoiTt near 
the posterior commissure. 

The substance of the 
ganglion cells is fibrijlated, 
but there exists a granular 
interstitial material, which 
is especially well developed 
near the nucleus. Some- 
times smaller or larger 
masses of yellowish pig- 
ment granules are present 
in this part of the cell 
substance — -i.e., near the 

181. The fibrilkted sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses. There are always 
one or two that are thicker 
than the others. At a 
1 iHiiited MuitipoiBT longer or shorter distance 
,_,._...._ ^_ _. ...., fpQm jjjg (,g]| the jirocesse* 

, branch deadriticaily into 

in»wSi'cii"itSii"oti™r»aiK"n"rvfr * large number of fibres, 

■iMi. ^oSi»cb^?8'TK£BS'5iSulin which eventually break up 

into the fine network of 

primitive fibrillu, forming the nervous groundwork of 
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the grey matter (Fig. 103). The ganglion cells of the 
anterior horn and the cells of Clarke's column have, 
in addition to these branched processes, generally one 
iinbranched pale process (occasionally, but rarely, this 
is double), which takes its origin in the cell substance 
with a thin neck. This is the aods cylinder 'process of 
Deiters ; it becomes invested sooner or later in a 
medullary sheath, and then becomes a meduUated 
nerve-fibre, as mentioned on a former page. Tlie 
ganglion cells of the posterior horns have no axis 
cylinder process, all processes being branched and 
connected with the ground nerve network in the same 
way as the branched processes of thi ganglion cells of 
the anterior horns. 

Anastomoses between the processes of the ganglion 
cells of the anterior horns have been observed in a 
few instances (Carri^re). 

182. The ganglion cells of the anterior horns and 
those forming Clarke's column — i.e., the ganglion 
cells with axis cylinder process — are considered as 
motor, the others as sensory ganglion cells ; that is to 
say, the former are connected with a motor nerve-fibre, 
the latter with a sensory fibre ; but it would be quite 
Incorrect to say that all motor fibres are connected 
with the formqr, all sensory fibres with the latter. 

1 83. The white and grey matter is supplied with a 
large number of blood-vessels, the capillaries being 
more abundant and forming a more uniform network 
in the grey than in the white matter ; in the latter, 
most of them have a course parallel with the long 
axis. The blood-vessels are ensheathed in lymph 
spaces (perivascular spacer of His), and the ganglion 
cells are each surrounded by a lymph space (/?ert- 
celktiar space). 
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CHArTER XVIL 

THE MEDULLA OBLONGATA OR BUL& 

184. As the cervical portion of the cord passen 
into the medulla oblongata, its parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla, but in the 
upper portion is lost, owing to the fact that the 
central canal, which in the cord is situated in about 
the middle, shifts in the medulla towards the posterior 
surface, and soon altogether opens into the fourth 
ventricle. 

185. (b) The tracts of white matter bordering the 
anterior median fissure of the medulla, and separated 
from the other tracts by a distinct fissure on the 
surface, are the pyramidal tracts. As was mentioned 
on a former page, the median portion of the anterior 
columns of white matter of the cord — Le.^ the un- 
crossed or direct anterior fasciculus — is a direct pro- 
longation of the pyramidal tract, and can be followed 
in this upwards into the pyramids — i,e,, the oblong 
prominences in the upper part of the medulla next 
to the anterior median fissure — and thence to the 
pons Varolii and farther into the cms cerebri. 
A major portion of the pyramidal tract crosses in 
the lower portion of the medulla, in the anterior 
median fissure — this forms the pyramidal decussation 
(Fig 104). These crossed bundles enter the postero- 
lateral column of the cord, that part of it which has 
been mentioned above as the fasciculus of Tiirk. The 
crossed portion of the pyramidal tract passes into 
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186. The greater portion of tlie anterior column 




of white matter of the ooixl ia situated deeper in the 
medulla than the pyramidal tracts. 

(c) The lateral column of wliite matter of tlie 
cord can be traced into the medulla as the latnral 
tract. In the upper part of the medulla it becomea 
Ikidden from view by the olivary bodies and the 
iverseiy arranged white tractB. The lateral tract 
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of the medulla comprises all parts of the lateral 
coluran of the cord including that portion which was 
mentioned as the anterior root-zone and the direct 
cerebellar fasciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Tiirk, or the crossed pyramidal fasciculus. 

(d) The posterior column of the white matter of the 
cord is continuous with the same column of the medulla. 
That portion of it which lies next to the posterior 
median fissure, and which is called in the cord the 
fasciculus of GoU, is in the medulla called the /dsciculits 
(or funiculus) gracilis. In the upper part of the 
medulla, as the central canal opens into the fourth 
ventricle, the fasciculus gracilis turns obliquely out- 
wards, and forms the lateral boundary of the ventricle. 

1 87. (e) The lateral part of the posterior column of the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
between the two — i.6., the fasciculus gracilis and fasci- 
culus cuneatus — ^there exists another tract, which is 
called by Schwalbe funiculus of Rolando, In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of medullated 
nerve-fibres; these pass from the anterior median 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the external arcuate 
fibres. In the upper part of the medulla the ex- 
ternal arcuate ijbres, part of the funiculus cuneatus 
and funiculus of Rolando, as well as the direct cere- 
bellar fasciculus of the lateral column, all join to form 
a prominent tract of white matter — the corpus resti- 
fitrme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the pedurtculus 
cerehelli ad medullam oblongatam, or the lower cere- 
bellar peduncle. 



Chap. XVII.] The Medulla Oblongata, 151 

188. (y) In the region of the pyramidal decussation 
— i.e., the lower part of the medulla immediately fol- 
lowing the cervical portion of the cord — the grey 
matter of the cord is changed in its disposition by 
the fasciculus of Tiirk or the crossed pyramidal 
fasciculus passing en maaae from the lateral column 
of white matter through the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the cord is sliut off from the rest of 
the grey matter, and is found lying near the surface of 
the lateral column of the lower portion of the medulla 
as the lateral nucleu8 of grey matter (Fig. 101). The 
main part of the anterior horn, however, is repre- 
sented by the reticular formaiion of grey matter. 
This contains in its lateral portion, at any rate, the 
same large multipolar motor ganglion cells with axis 
cylinder processes and ground-network as the anterior 
horn of the cord; but in addition there are the 
numerous bundles of meduUated nerve-fibres passing 
through it in transverse, oblique, and longitudinal 
directions. Some of these fibres belong to the con- 
tinuation of the anterior columns of white matter 
of the cord, others join the fasciculus gracilis and 
cuneatus, and a third kind pass out from the middte 
line of the medulla. 

189. {g) The grey matter of the posterior horns of 
the cord undergoes a change of disposition when passing 
into the medulla. Its hindmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying near the surface of the 
lateral column as the tubercle of Rolando. The rest 
of the posterior horn remains at first collected around 
the central canal; but as this gradually approaches 
the posterior .fissure, in order to open as the fourth 
ventricle above, the grey matter gradually expands 
laterally into the funicyj[\is gracilis and cuneatus of 
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the white matter, and forms a distinct accumulation 
of grey matter in each of these funiculi ; they are 
respectively the nucleus gracilis and the nucleus 
cwneaJtus. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
fibres of the funiculus gracilis originate ; but in the 
latter only a portion of the nerve-fibres of the funi- 
culus cuneatus take their origin ; since another part 
of it joins the restiform body, and so passes into the 
cerebellum. 

190. In the upper part of the medulla, i.e., in the 
region of the fourth ventricle, the grey matter forms a 
continuous mass, the jioor of the fourth ventricle (Fig. 
105). In this region there is a distinct median septum, 
by which the medulla is divided into two halves ; this 
is the raphe. It consists of a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of medullated nerve-fibres 
passing longitudinally, transversely, and obliquely ; 
and of small masses of grey matter interspersed 
between the nerve-bundles, and especially at the side 
of the raphe, where nerve-fibre bundles pass out of 
it. The grey matter contains multipolar ganglion 
cells. 

191. In a transverse section through the upper 
part of the medulla, we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white matter — i.e., the bundles of 
nerve-fibres constituting the fibrse arcuatse extemse — 
a plicated lamina of grey matter which constitutes the 
olivary nv4ileus, or nucleus dentatus of the olivary 
body. It extends with its posterior portion into the 
i*eticular formation. Continuous with the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is the accessory 







olivary nucleus. In both nuclei are found numerous 1 
miilti|:ioiar ganglion cells, each with an axis cjlinder j 
pioeess. I 

The pref mntter at the floor of the I 
Ibnrtta ventricle is that from which the nerre roote I 
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of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneumogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, and 
are aggregated into groups which form the '^nitclei" 
of. origin of the above nerves. The thin layer of 
grey matter forming the floor of the ventricle, in the 
strict sense, is neuroglia only, a continuation of the 
central grey nucleus of the cord. 

The nerve cells in the hypoglossal nucleus are 
the largest ; they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerves are much smaller. The 
motor nerve-flbres {e.g,j those of the hypoglossal 
and pneumogastric) originate, as the axis cylinder 
process of the multipolar ganglion cells, in exactly 
the same manner as was mentioned in the cord, but 
the* sensory nerve fibres of these nerves originate 
from the network, into which the processes of the 
ganglion cells of these nuclei break up. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next to 
this the last outrunners of the groups of ganglion 
cells which form the nucki of the spinal accessory 
and hypoglossal nerves. 

As we pass upwards, and as the central canal 
opens into the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arrano^ed 
that we find near the median line the group repre- 
senting the hypoglossal nucleus ; then, farther 
outwards, several groups representing several sub- 
divisions of the pneumogastric nucleus ; still farther 
upwards, but more in the anterior part of the 
medulla, the nucleus of the glossopharyngeal nerve ; 
and, lastly, more outwards and upwards, several 
divisions of the nucleus of the auditory nerve. 
The nerve fibres, originating in these nuclei, pass 
in bundles through the substance of the medulla 
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oblongata, so as to appear on the antero-lateral 
surface. Of course those nerves, the nuclei of 
which are situated nearer to the middle line — 6.^., 
the hypoglossal and spinal accessory — have to pass 
through the reticular formation, whereas those whose 
nuclei are situated more laterally pass only through 
the lateral part of the medulla. 



CHAPTER XVIII. 

THE CEREBRUM AND CEREBELLUM. 

194. The structure of the duta mater, arachnoidea, 
and pia mater of the brain is similar to that of the 
same membranes of the cord. 

As has been shown by Boehm, Key and Retzius, 
and others, the deeper part of the dura contains 
peculiar ampullated dilatations connected with the 
capillary blood-vessels, and forming in fact the roots 
of the veins. 

The glomdulcB Facchioni, or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the sub-arachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinuses of this latter, 
but are covered with endothelium. Injected material 
passes from the sub-arachnoidal spaces through these 
stalks into the villi. The spaces of their spongy 
substance become thereby filled and enlarged, and 
finally the injection matter enters the venous sinus 
itself The pia cerebral is is very rich in blood-vessels, 
like that of the cord, which pass to and from the 
bra/n substance. The capillaries of . the pia mater 
possess ail outer endothelial sYiea\3a.. T\\a ^Vi^taa 
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choroideus is- covered with a layer of polyhedral 
epithelial cells, which are ciliated in the embryo and 
in the young subject. 

195. As was mentioned of the cord, so also in the 
brain the sub-dural lymph space does not commu- 
nicate with the sub-arachnoidal spaces or with the 
ventricles (Luschka, Key and Retzius). Nor does 
there exist a communication between the sub- 
arachnoidal space and a space described by His to 
exist between pia mater and brain surface, but 
doubted by others. The relations between the cere- 
bral nerves and the membranes of the brain, and 
the lymph-spaces of both, are the same as those 
previously dLribed in the ca^e of the cord and the 
spinal nerves. 

196. The pia mater passes with the larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum. 

In the white and grey matter of the brain we find 
the same kind of supporting tissue that we described 
in the cord as neuroglia. In the brain also it is 
composed of a homogeneous matrix^ of a network of 
nev/roglia fibrils, and of branched, flattened neuroglia 
cells, called Deiters^ cells. 

In the white matter of the brain the neuroglia 
contains between the bundles of the nerve-fibres 
rows of small nucleated cells; these form special ac- 
cumulations in the bulbi olfactorii, and in the cere- 
bellum. Lymph corpuscles may be met with in the 
neuroglia, especially around the blood-vessels and 
ganglion cells. 

AH the ventricles, including the aqueductus Sylvii, 
are lined with a layer of neuroglia, being a direct 
continuation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, thja venfcn!^<e» «t^ 



158 Elements of Histology, tchap. xviii. 

with a layer of ciliated columnar, or short columnar 
epithelial cells. 

197. The blood-vessels form a denser capillary net- 
work in the grey than in the white matter ; in the 
latter the network is pre-eminently of a longitudinal 
arrangement, t.e., parallel to the long axis of the 
bundles of the nerve fibres. In the grey cortex of the 
hemispheres of the cerebrum and cerebellum, many of 
the capillary blood-vessels have an arrangement ver- 
tical to the surface, but are connected with one another 
by numerous transverse branches. 

The blood-vessels of the brain are situated in 
spaces, perivascular lympli-spaces, traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the spaca 
There are no separate lymphatic vessels in the grey or 
white substance. 

198. The uriiite maUer consists of medullated 
nerve fibres, which like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of ilanvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur very often. When isolated the fibres show the 
varicosities mentioned in the cord. 

The grey matter consists, like that of the cord 
and medulla, besides the neuroglia, of a very fine 
network of elementary nerve-fibrils (Rindfleisch, 
Gerlach), into which' pass, on the one hand, nerve- 
fibres, and, on the other, the branched processes of 
ganglion cells. 

With regard to the stnicture of the ganglion cells 
of the brain and medulla, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. Like the former, those of the medulla and 
brain are situated in pericellular lymph-spaces (Ober- 
steiner), 

299, We now follow tlie aViov^ description of 
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the structure of the medulla with that of the cere- 
bellum and pons Varolii 

1. The cerebellam is composed of laminae- 
folds, or convolutions, composed of secondary folds, 
each of which consists of a central tract of white 
matter covered with j^rey matter. The tracts of white 
matter of neighbouring convolutions of one lobe or 
division join, and thus form the principal tracts of 
white matter. 

The white matter of the cerebellar hemisphere is 
connected (a) with the medulla oblongata by the 
corpus restiforme, this forming the inferior peduncle 
of the ' cerebellum ; (6) with the cerebrum by the 
processus cerebelli ad cerebrum, this forming the 
superior pedunculus ; and (c) with the other cerebellar 
hemisphere by the commissure passing through the 
pons Varolii ; this is the pedunculus cerebelli ad 
pontem, or the middle pedunculus. 

200. On a vertical section through a lamina of the 
cerebellum (Fig. 107), the following layers are seen : (a) 
the pia mater covering the general surface, and pene- 
trating with the larger blood-vessels into the superficial 
substance of the lamina ; (6) a thick layer of cortical 
grey matter; (c) the layer of Purkinje's ganglion 
cells ; (</) the nuclear layer, and (e) the central white 
matter. 

201. The layer of ganglion cells of Purkinje is the 
most interesting layer ; it consists of a single row of 
large multipolar ganglion cells, each with a large 
vesicular nucleus. Each possesses also a thin axis 
cylinder process, directed towards the depth, the 
cell sending out in the opposite direction — t.e., towards 
the surface — a thick process which soon branches 
like the antlera of a deer, the processes being all very 
long-branched and pursuing a vertical course towards 
the surface ; sooner or later they all break w^ \sAf2k 
the fine nervous network oi tW ^xe^ c«t\«:8.. '\>cvsiv 
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longest processes reach neax to the surface. The 
layer (6) above mentioned, t.e., the cortical grey 
matter, is in reality the terminal nerve network 
for the branched processes of the ganglion cells 
of Purkinje. Sankey maintains that in the human 
cerebellum there are also small multipolar gang- 
lion cells connected with the processes of the cells of 
Purkinje. 

202. The nuclear layer contains a large number 
of spherical or slightly oval nuclei embedded in a 
network of jfine fibrils, the nature 'of which is not 
definitely ascertained, *.e., whether it consists of 
neuroglia only, or whether it contains, in addition, 
also a network of nerve-fibrils. The latter is ex- 
ceedingly probable. The nuclei are nuclei of neuro- 
glia cells, of lymph corpuscles and of small ganglion 
cells. 

The axis cylinder process of the ganglion cell of 
Purkinje passes through the nuclear layer, and be- 
coming invested with a medullary sheath, enters as 
a medullated nerve-fibre the central whit« matter. 
There are, however, medullated nerve-fibres of the 
central white matter, which are not connected with 
an axis cylinder process of a Purkinje's cell, but 
enter the nuclear layer and probably terminate there 
in the nerve network, or pass through it and termi- 
nate in the nerve network of the grey matter of the 
cortex. 

203. II. The pons Tarolii (Fig. 108) is a pro- 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transvei*sely into the anterior portion of the pons, 
and forms there the iramverae bundles of rierve^hrea 
which give to the pons the horizontal striation. 

As we pass upwards — i.e., farther away from the 
medulla, this part of the pons — i.e., that composed of 
horizontal fibres— increases in thickness. 

L— 1 



Elemek'ts of Histqlogv. 

20i. Of the medulla there i*! a greater portioi 
continued into tiie pons tliau of the ceretielliH " 
(1) There aie the pyi-aiaidal tracts, they do i 
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on tlie surface as in the medulla, but a 
by some — the most anterior bundles — of the tr> 
■se fifai-es. The bundles of the pyramidal 1 
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pass as longitudinal fibres merely through the an- 
terior half of the pons, and enter the crura cerebri 
where they form the crusta. (2) The raphe. (3) 
The reticular formation ; but this is limited to the 
posterior part. Small masses of . grey matter and 
ganglion cells are scattered everywhere between the 
transverse bundles of the nerve-fibres of this formation. 
(4) The grey matter at the floor of the fourth ven- 
tricle. This grey matter contains also on the posterior 
surface of the pons groups of multipolar ganglion 
cells. 

Near the middle line there is a group of large 
multipolar ganglion cells, each with an axis cylinder 
process. This is the nucleus for the sixth nerve, and 
of part of the seventh, the former lying more median 
than the latter. There is another nucleus of the 
seventh situated more deeply — i.e., in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the roots of the auditory nerve. 
Farther upwards we meet with the nucleus of the 
motor roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pons is connected with the cerebrum 
by the crusta of the crus cerebri, which, as men- 
tioned above, are bundles of medullated nerve- fibres, 
passing merely through the pons, but being con- 
tinuations of the anterior pyramidal tracts of the 
medulla. 

206. III. The hemispheres of the cere- 
brnni* — On a vertical section each convolution shows 
a white centre and a grey cortex. The former is com- 
posed of medullated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the centrum ovale — i.e., the central mass 
of white matter from which the lamina of white matter 
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for each convolution 
branches off, xaA, (b), 
the commissure of white 
matter between the two 
hemispheres, i.e., the 
corpus callotum and 
anterior commissure. 
The centrum ovale again 
consists of tracts of 
medullated nerve-fibre, 
■which connect (a) the 
convolutions of the same 
hemisphere with one 
another, and (b) such as 
pass between the con- 
volutions on the one 
hand, and the thalamus 
opticus, the pons, and 
medulla on the other. 
These tracts pass by the 
internal capsule (see 
below) to the thalamus 
opticus, and to the 
cerebri. 

The grei/ cortex con. 
sists, according to Mey- 
nert, of the following 
layers(Fig. 109):— (l)a 
supeilicial layer of grey 
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matter (neuroglia and nerve ground network), with 

few and small ganglion cells. 
(2) A layer of small more or 
less pyramidal ganglion cells 
densely aggregated. (3) The 
formation of the cornu Am- 
monis. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increas- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third and of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
110). From the body pass out 
the following principal pro- 
cesses : — (a) tlieprocessof the 
apex, directed towards the 
surface of the convolution ; 
it can be traced for 
a longer or shorter 
distance. (6) The 
lateral basilar pro- 
cesses, and finally 
the median basilar 
process. This latter 
is fine, remains un- 
branched, and is an 

Pig. 110. -A large Pyramidal GangUon axis Cylinder procesS, 

clJlbrum! ^'®^ ^'*^ "** *^® ^''°**^ ^'^"> becoming in- 

The process of thCRpex and the other processea Vestcd With a medul- 

bmnch and break up into the fine nerve net- lor^v uViAofli la o n*>rvfi- 

work. The median process of the base of the ^*' J o"*'**^" is » iiei v o 

pyramid ronuiins unbranched, and becomes 'fi'hT*A r\f fViA />i:kTifral 

an axis cylinder of a nerve-flbre. (Atlas.) TVOXe^ OI DUe cenwai 
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white matter. The other processes, sooner or later in. 
their course, branch and break up finally into the 
nerve ground network of the grey matter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granular formation of Meynert. (5) A last stratum 
of spindle-shaped and branched ganglion cells, ex- 
tending parallel to the surface. 

207. According to Meynert, the grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layeris, the granular for- 
mation being the principal one. In the grey cortex of 
the coriiu Ammonis, on the other hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustrum (part of the wall of the Sylvian 
fissui'e), the spindle-shaped cells of the fourth layer 
form the principal stratum. 

208. The bulbus olfactorius contains in most 
mammals, but not in man, a small central cavity 
lined with columnar ciliated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus olfactorius. The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwards : (1) a layer of non-medul- 
lat,ed nerve-fibres, each with a neurilemma ; this layer 
forms farther on the olfactory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
eacli of which consists of an olfactory nerve-fibre, and 
in addition to it numerous small neuroglia cells ; (3) 
stratum gelatinosum of Lockhart Clarke^ composed 
of a fine nerve network, and embedded in it multi- 
polar ganglion cells ; (4) a last and thickest layer of 
nuclei embedded in a network of fibrils, and similar in 
structure with the " nuclear layer." 

209. IV. The mesencephalon. — The fourth 
remtricle above the upper part of the pons Varolii 
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closes again into a small canal (the aqueductua Sylvii) 
which having passed in front out of the region of the 
corpora qiiadrigemina opens out again as the third 
ventricle. The parts around the aqueductus Sylvii 
represent the mesencephalon (Fig: 108), developed 
from the middle brain vesicle in the embryo. Tiey 
include the wall of the aqueductus Sylvii, the coipora 
quadrigemina, and the crura cerebri. 

The aqueductvs Sylvii is lined with epithelium 
and a layer of neuroglia continued from the fourth 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueductus. 
The lining layer of neuroglia is on its antero-inferior 
aspect surrounded by a layer of grey substance con- 
tinued from the grey substance of the floor of the fourth 
ventricle. It contains in a nerve network numerous 
multipolar ganglion cells grouped into nerve nuclei, 
connected with the third, fourth, and part of the fifth 
pair of nerves. In front of this layer is one of con- 
siderable thickness called the tegmerUwrriy which is the 
dorsal or posterior portion of the crus cerebri. 

210. The corpora quadrii^eiiiina.— Each of 
the two lower lobes consists of a superficial layer of 
white matter, and a deep grey portion, containing 
multipolar ganglion cells of various sizes embedded 
in a fine nerve network. Between this and the 
grey substance of the wall of the aqueductus Sylvii 
lire tracts of white matter, forming part of the fillet 
In each of the two upper lobes there is also a super- 
ficial layer of white matter, beneath which is a layer 
of grey matter (sti'atum cinereum) ; underneath this 
is the main portion (the stratum opticum) consisting 
of longitudinal tracts of nerve-fibres, between which 
are small masses of grey substance. Between this 
stratum opticum and the grey matter forming the 
wall of the aqueductus Sylvii is a layer of white 
matter, part of the Jlllei. 
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211. The cms cerebri of each side consists of au 
antero-inferior, middle, and postero-inferior portion. 
The antero-inferior or ventral portion is the crusta, or 
pes ; the postero-inferior or dorsal portion is the teg- 
mentum. Between the two is the substantia nigra. 
The crusta is composed of longitudinal tracts of me- 
dnllatednerve-iibres passing from the margin of the pons 
Varolii to the internal capsule of the thalamencephaloUf 
and farther into the white matter of the hemisphere. 

212. The teg^mentuni has been mentioned above 
as being situated in front of the grey matter fitrming 
the anterior wall of the aqueductus Sylvii The 
tegmentum is a prolongation of the reticulsir formation 
of the pons Varolii and medulla (see above), i.6., small 
masses of grey substance separated by tracts of nerve- 
fibres, most of which run in a longitudinal or transverse 
direction. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellum, 
mentioned in a previous page as the superior peduncle 
of the cerebellum, or the pedunculus cerebelli ad 
cerebrum. These undergo total decussation in the 
upper part of the mesencephalon, and ultimately enter 
the thalamus opticus. 

213. The substantia nig^ra is grey matter 
situated between the two crusta and the tegmentum ; 
it has received its name from the numerous dark 
pigment granules lodged in the substance of its gan- 
glion cells. These are small and multipolar. 

214. V. The thalamencephalon and corpus 
striatum. — The former comprises the parts of the 
brain situated round the third ventricle, the most im- 
portant b(drig the thalamus, the conarinm or pineal 
body, the corpora albicaiitia, the infuudibulura and 
tuber cinereum, and the pituitary bo(?y or hypophysis 
cerebri. The corpus striatum is the ganglion of tJie 
cerebral hemisphere, and like it originates fix)m the 
frontal part of the first cerebral vesicle of the embryo. 
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215. The thalamus opticus consists of a super- 
ficial layer of white, and a centre of gi*ey matter. 
In this numerous multipolar ganglion cells are noticed. 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. From it radiate tracts of medullated nerve- 
fibres, which join the tracts of the internal capsule on 
their way to and from the different parts of the 
cerebral hemisphere. 

The superior peduncle of the cerebellum, after its 
decussation with that of the opposite side, passes 
into the white matter of the thalamus. The trac- 
tus opticus is connected with the outer white matter 
of the posterior portion of the thalamus — ie., the 
'pvlvinar, 

216. The corpus striatum, as stated before, 
is considered as the ganglion of the cerebral hemi- 
sphere. It consists of the micletts cavdatTia and the 
mbcl&aa lenticiilaris. The former projects into the 
lateral ventricle, the latter is the outer portion of 
the corpus striatum. The nucleus lenticularis is 
separated from the nucleus caudatus and from the 
anterior portion of the thalamus opticus by tracts of 
medullated nerve-fibres, known as the internal capsule. 
On the outer surface of the nucleus lenticularis is a 
thin lamina of white matter which is the external 
capsule. This is separated from the white matter 
of the cerebral convolutions at this part— ?Le., the 
island of Eeil — by a thin lamina of grey matter, called 
the clav^trum. The nucleus caudatus and lenti- 
cularis consist of grey matter with larger and smaller 
groups of multipolar ganglion cells, permeated by 
tracts of medullated nerve-fibres, which originate in 
the grey matter. These tracts of white matter pass 
transversely and obliquely into the internal capsule, 
and are to be traced on the one hand to the white 
matter of the convolutions of the cerebral hemisphere, 
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(which is, however, doubted by many observers), and 
on the other into the crusta or the crus cerebri. 

217. The inteiTial capsule is one of the most 
important masses of white matter; it contains the 
tmcts of medullated nerve-fibres which pass between 
the white matter of the cerebral hemisphere and the 
cms cerebri — t.e., the corona radiata of Reil ; further, 
it contains tracts of medullated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracts of nerve-fibres passing between the corpus 
striatum and the cms cerebri 

218. The pineal body, or conarium, and the 
anterior lobe of the hypophysis cerebri, are epithelial 
in structure and origin, and wUl be described in a 
future chapter. The pineal gland contains a large 
amount of calcareous matter — braiiisand. 

The corpora albicantia are masses of wliite 
matter — i.e,, medullated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The infundihulurn and tuber cinereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora - albicantia 
to the optic commissure, while the former is connected 
with the posterior or minor lobe of the hypophysis. 



CHAPTER XIX. 

THE CEREBRO-SPINAL GANGLIA. 

219^. The ganglia connected with the posterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves, Gasserian, otic, geni- 
culate, cUiary, Meckel's ganglion, the ganglia of 
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the branches of the acoust c nerve thp subma:tillarf 
gangbon. Lq — posseaa a capsule of fibrous connective 
tissue contmuoua with the epineunum of tl e afferent 
ind eflerent ner^e trunks. The interior of theganghon 
M aubdi ide<i into smaller or larger divisions contain 
lug netve bun lies with their penneurium or larger 
an I Bmatlei groups of ganglion 
cells. In the spinal ganglia 
these lattei are generally dia 
posed about the cortical part 
wheieas the centre of the 
ganglia is chiefly occupied by 
bundles of nerve-fibres 

2'>0 The gangbon cells differ 
very greatly m size some being 
as big and bigger than a large 
mult polar ganglion cell of the 
anwrior horn of the cord others 
much smaller Kach cell has 
a large oval nucleus includ ng 
a network w th one or two 
large nucleoli. Its substance 
si ows a distinct fibnllation. 
Each cell of the ganglia in man 
anl mammals is u iipolar (Fig 
y^ V^ 111) flask or pear shaped and 

>^|*'i\ mvested in a hyal ne caimlf 

rjf \X '""^ "*''** ^ """^ '*'" '^'^ '"*'' 
^ " \ \ tinuous layer of ntieleated endo 

iheluil ce/l-plates The single 
process of the fptngbon cell is 
finely and longitudinally ^tn 
ated and is an a,\is cylinder 

_ ^ process Immediately after 

leaving the cell body it is much 
oonvol ited (Retzras) it u then covered with a me- 
dullary sheaib, and so becomes a medullated nerve- 
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fibre. The capsule of the gangbon eel! la continued 
on the axis cylinder process, and farther on, on the 
mediillated nerve-fibre, as the neunlemma , while the 
endothelial ])lates of the capsule |>ass into the nerve 
COrptiacleB lining the neurilemma, their 
number greatly diminishing (Fig 112) 

221. In the rabbit this mediillated 
nerve-fibre at ita first node of Eanvier, 
which is not at a great distance from 
the ganglion cell, divides into two me- 
dullated nerve-fibres in the shape of a 
T ; one branch ia supposed by Eanvier 
to pasB to the cord, the other to the 
periphery. In man, this T shaped 
division has also been observed by 
HetziuB, but it cannot be said with 
cei'tainty that in rabbit or man 
every axis cylinder process shows this 
T-shaped division. Retzius observed 
this T-shaped division also in the 
Gaaserian, geniculate, and vagus gan- 
glia in man. 

The ganglion cells are not unipolar 
in all cerebral ganglia ; in the cQiary 
and otic ganglia there are a good many 
ganglion cells which are multipolar. p,^ , 

scopic size are to be found in the ^^"^ 
sub-maxillary (salivary) gland ; they hh ■ 
are of difi'erent sizes, and are in {^ 
reality ganglionic enlargements of 
larger or smaller nerve-bundlea. Each 
ganglion is invested in connective 
tissue continuous with the perineu- 
rium, and the ganglion cells are unipola 
I nature as those described aitove. 



^ffil^'^^ 



and of the 



possessed of an axis cylinder process, which becomes 
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Boon connected with a nerve-fibre. At the back 
of the tongue there are similar small microscopic 
ganglia. 



CHAPTER XX. 

THE SYUPATBETIC SYSTEU. 

223. The sympathetic nerve-branchea exactly re- 
semble the cerebro-spinal nerves ia their connective 
tissue inveatmente (epi- peri- and end^-neurium), and 
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in the arrangement of the fibres in bundles (Fig. 
113, a). Most of the nerve-fibres in the bundles are 
Qon-medullated or Remak's fibres (Fig. 113, b), each 



being an axis cylinder invested in a neurilemma, with 
oblong nuclei indicative of nerve corpuscles. But there 
are some medullated nerve-libres to be met with in 




Pif. 11*,— A ^ 
tLetio Nene 






each bundle, at least, of the larger nerve-trunkB. 
These in Rome cases ^how the medullaiy sheath more 
or lesa discontinuous, and with a varicose outline 




long ft small Bim 

in the Bladder ol the BabMt. 

ih-WDc^'OflbrpintlLonc 



(Fig. 1 1 3. c), owing to a uniform local accumulation of 
fluid between it and the axis cjlinder. The small or 
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microscopic bundles of nerve fibres have an eadothelial 
(perineural) sheath. The small aod large branches 
form always rich plexuses. 

The ganglia in the sympathetic chain and other 
large sympathetic ganglia possess the same general 
structure as was mentioned of the cerebro-spinal 
ganglia, except that the ganglion cells connected 
with the sympa- 
thetic are, as a rule, 
bipolar and multi- 

nority of these cells 
one or two processes 
are connected with 
the axis cylinder of 
a medullated nerve- 
fibre, while theother 
is or others are non- 
medullated fibres. 
According to 
Gaskell these me- 
dullated fibres are 
nerve-fibres derived 
from the cerebro- 
spinal nervous sys- 
tem, and they pass - 
to the sympathetic 
by the white poi^ 
tion of the rami 
communicantes. 
This portion is 
made up of medul- 
lated, while the grey p^_iie.-Bjn.i»ihrti«o«.giJ™ on ..fm™-, 

portion is made rbi' nncllon mil >• miiltl polar : rri'i' prnrri. r.- 

Up of non-mednl- ;?i'lIi?^^"l!rmiin'ii,tJiV."i!1i.'rf"JilH' 
lated fibres. The »"* ^'•i''"' 
non-medullated nerve-fibrw maneiAbA witll 
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the sympathetic ganglion cells are fibres passing from 
the cells towardu the periphery (Gaskell), 

224, In connection with the microscopic sym- 
pathetic nerve- branches are microscopic ganglionic 
enlargements They occur in some organs very 
numerously — t.g., alimentary canal, urinary bladder 
{Fig. lU and Fig. 115), re- 
spiratory organs — and are of 
all sizes, from a few ganglion 
cells placed between, or laterally 
to, the nerve-tibres of a small 
bundle, to oval, spherical, 
or irregularly shaped masses 
of ganglion cells placed in the 
course of a large nerve-bundte, 
or situated at" the point of 
anastomosis of two or more 
nerve-branches. 

The ganglion cells (Fig. 
116) ai-e of very difTerent 
sizes, each possessing a large 
oval or spherical nucleus 
with one or two nucleoli 
Their shape is spherical or 
oval, flask-shaped, club-shaped, 
or pear-shaped ; they possess 
either one, two, or more pro- 
cesses, being uni-, hi-, or multi- 
polar. The cell is invested in a 
capsule lined with nucleated 
FtB. ii7.— A Srmpa^etlo cells, both being continued on 

fianslion Cell of tfia Frog. ,, ' * _;i j 

BhowiBK (he etnigbtwD- theprocesses as neunlcmmaand 
™totwr*bli:liSiSf a ^ nerve corpuscles respectively. 
duUated flbih (Ke; and 225. In the frog (Beale, 

*^'"-' Arnold) and also in some tew 

instances in (he mammal, the sympathetic ganglion 
cell gives off one straight oxm c^lindtr proee»g, into 
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which the substance of the ganglion cell is prolonged. 
This is entwined by a thin spiral fibre (Fig. 117), 
taking its origin by two or more rootlets from the 




Pig, 118. — Plexus of fine Sympathetic Nerve-fibrea, with Ganglionic 
Enlargements in the Nodal Points. From the Plexus of Meissner 
in the Submucous Tissue of the Intestine. 

a. Pine nerve-flbres ; &, groups of ganglion cells interposed between the 

nerve-flbres. 

ganglion cell substance, and circling roiind the 
(thicker) straight axis cylinder process. A single 
neurilemma ensheathes them both. Soon the spiral 
fibre leaves the axis cylinder process, becoming in- 
vested with a medullary sheath and its own neuri- 
lemma, thus forming a medullated fibre, whereas the 

M— 1 
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straight axis cylinder continues its course as a non- 
niedullated nerve-fibre (Key and Retzius). 

226. The ganglia in connexion with the plexuses 
of nerve branches of the heart, the ganglia in the 
plexus of non-meduUated nerve-fibres existing be- 
tween the longitudinal and circular coat of the ex- 
ternal muscular coat in the alimentary canal, known 
as the plexus myentericus of Auerbach, the ganglia in 
the plexus of nerve branches of the submucous tissue 
in the alimentary canal, known as Meissner's plexus 
(Fig. 118), the ganglia in the nervous plexuses in the 
outer wall of the bladder, in the bronchial wall, and 
in the trachea, and lastly the ganglia in connexion 
with the nerves supplying the ciliary muscle of the 
eye, all belong to the sympathetic system. 



CHAPTEE XXI. 



THE TEETH. 



227. A HUMAN tooth, adult and milk - tootl}, 

(Fig. 119) of (a) the enamel covering the 
crown, (b) the dentine 
forming the bulk of 
the wliole tooth, and 
surrounding the pulp 
cavity both of the crown 
and fangs, (c) the pulp 
ca t d (d) th 
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II vertical direction, from the surface to the dentine. 
When viewed in transverse section, the enamel prisms 
appear of an hexagonal outline, and are separat»i by a 
very tine interatilial cement substance. The outline of 
the enamel prisms is not straight, but wavy, so that 
the prisms appear varicose. The prisms are aggregated 
into bundles, which are not quite parallel, but more 
or less slightly overlap one another. On a longitudinal 
section through a t«oth, the' appearsjice of alternate 




trcilim, (SdllikrU 



light and dark stripes in the enamel is thus produced. 
Besides this there ai'e seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripes of 
Retzius, probably due to inequalities in the density of 
thct enamel prisms produced by the successive forma- 
tion of layers of the enamel. The enamel consists 
of lime-salts : phosphate, carbonate, and fluoride of 
calcium with corresponding magnesium salts. 

In young teeth the fi'ee surface of the enamel 
is covered with a delicate cuticle (the cuticle of 
Nasmyth), a single layer of non-nucleated Bca1e& 
In adult teeth this cuticle is wanting, having been 
nibbed off. 

229. The dentine is the principal part of the hud 



Bubstanees of the tooth. It forms a, complete biveat- 
ment of the pulp cavity of the crown and faug, being 
slightly thicker in the 
former than in the latter 
region. The dentine h 
composed of (Fig 121} 
(1) a homogeneous ma 
trix; this is a reticular 
tissue of hue fibrils im 
pregnated «ith lime- 
sal ta, and thus resem 
bting the matrix of bone, 
^2) long fine canals, the 
dentinal canaU or tubes 
passing in' a more or less 
spiral manner, and ver- 
tically from the inner 
to the outer surface of 
the deutine. These tubes 
are branched; they open 
in the pulp cavity with 
their broadest part, and 
become Bmallei' as they 
approach the outer sur- 
face of the dentine. 
Each canal is lined with 
a delicate sheath — the 
derUiiial giteatk. Inside 
the tube is a fibre, the 
dentinal fhre, a solid 
elastic fibre originating 
■with its thickest part 
at the pulp side of the 
dentine from cells lining 
the outer surface of the pulp, and called odontoblasts. 
On the outer surface of l^e dentine, both in tbe 
region of the enamel and cruata petrosa, the dentinal 
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tubes pass into a layer of iutercommuiiicating irregular 
branched spaces, the interglobular spaces of Czermaky 
or the granular layer of Purkinje. These communi- 
cate with s^mces existing between the bundles of 
enamel prisms of the crown, as well as with, the bone 
laminae of the crusta petrosa of the fang. The inter- 
globular spaces contain each a branched nucleated oolL. 
The dentinal fibres anastomose with the processes oC. 
these ceils. The incremental lines of Salter are lines i 
more or less parallel to the surface, and are due to- 
imperfectly calcified dentine — the ititerglobiUctr #u&^/ 
stance of Czermak. The lines of Schreger are curves- 
lines parallel to the surface, and are due to the O] 
effect of simultaneous curvatures of dentinal fibres. 

230. The cement is osseous substance, 
lamellated bone matrix with bone corpuscles. Thera'j 
are no Haversian canals. 

231. The pulp is richly supplied with blood-vesselal^ 
forming networks, and extending chiefly in a directii 
parallel to the long axis of the tooth. Numerous] 
medullated nerve-fibres foi*ming plexuses are met 
with in the pulp tissue ; on the outer surface of tfa^j 
pulp they become non-medullated fibres, and probabljTi 
ascend in the dentinal tubes. The matrix of the pi ~ 
is formed by a transparent network of richly branchf 
cells, similar to the network of cells forming the mat 
of gelatinous connective tissue. 

232. On the outer surface of the pulp — twd., tlio' 
one in contact with the inner surface of the dentine — 
is a layer of nucleated cells, which are elongated, more 
or less columnar. These are the odontoblasts proper 
(Fig. 122). Between them are wedged in more or le«s 
spindle-shaped nucleated cells, the outer or distal pro- 
cess of which passes into a dentinal fibre. The odonto- 
blasts proper are concerned in the production of the 
dentinal matrix, according to some by a continuous 
growth of the distal or outer part of the cell and a 
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petriticatioH of tUia iuerement according to others 
by a ae^-i-etioii by tlie cell of the dentinal niatrix. 
Waldeyer, Tomes, and othets, consider tlie odouto- 
1 lasts proper concerned in the production both of the 
dentinal matrix and dentinal fibres. Tlio odontoblusts 




iper and the spindle-aliaped cells are continuous 
with the branched cells of the piilp nmtrix. 

231], Development of teeth.— The tirst rudi- 
ment of a tooth in the euihtyo apjienrs as early as the 
ind month. It is a solid cylindrical prolongation 
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of the Rtratifieil epitheliimi of the aarfaoe into the 
depth of the embrj'onio mucous membrane. Along the 




" border of the jaws the epithelium appeara thickened, 
aad the subjacent mucous membrane foruiH there a 
depression — the prifttitivs dental groove. Into this 
groove the solid cylindrical prolongation of the surfaota 
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epithelium takes place. This prolongation is the 
rudiment of the enamel organ. While continuing to 
grow towards the depth, it soon broadens at its deepest 
part, and the suiTounding vascular mucous membrane 
condenses at the bottom of the prolongation as the 
rudiment of the tooth papilla. While the distal part 
of the enamel organ continues to grow towards the 
depth, it gradually embraces the tooth papilla in the 
shape of a cap — the enamel cap (Fig. 123). During 
this time the connection between the surface e])ithe- 
lium and the enamel cap becomes greatly thinned out 
and pushed on one side, owing to the growth of the 
enamel cap and papilla taking place chieily to one side 
of the original dental groove. 

234. The enamel cap (Fig. 124) is composed of 
three strata — an inner, middle, and outer stratum. 
The inner sti-atum is a layer of beautiful columnar 
epithelial cells — the enamel cells; they were origin- 
ally continuous with the deep layer or the columnar 
cells of the surface epithelium. The middle stratum 
is the thickest, and is of great transparency, owing 
to a transformation of the middle layer of the 
epithelial cells into a spongy gelatinous tissue, due to 
accumulation of fluid between the epithelial cells of 
this layer, and to a reduction of their substance to 
thin nucleated plates, apparently branched. The outer 
stratum consists of one or more layers of polyhedral 
cells, continuous on the one hand with the surface 

•epithelium by the bridge of the rudiment of the enamel 
organ, and on the other with the enamel cells. 

235. The foetal tooth papilla is a vascular em- 
bryonic or gelatinous tissue ; on its outer surface a 
condensation of its cells is soon noticeable into a more 
or less continuous stratum of elongated or columnar 
cells, the odontoblasts. 

236. Both the dentine and enamel are developed 
in connection with the odontoblasts and the enamel 
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cells ; the former produce the dentine on their outer 
surface, while the latter, i.e., the enamel cells, deposit 
the enamel on their inner Hui-face ; thus it happens 
that the enamel is in close contact with, and on the 
outside of, the dentine The dentine and enamel are 




deposited gradually and in layers. At first they are 
soft tissues, showing a vertical <lifferentiation corre- 
sponding to the individual cells of the enamel cells and 
odontoblasts respectively. Soon lime salts are de- 
posited in them, at first imperfectly, but afterwards a 
perfect petrifaction takes place. The layer of most 
ivcently formed enamel and dentine is more or less 



Chap. XXL] 7 HE TeETH, 1 87 

distinctly marked off from tlie more advanced layer, 
the most recently formed layer of the enamel being 
situated next to the enamel cells, that of the dentine 
next to the odontoblasts. The amount of enamel and 
dentine formed is always greatest in the upper part, 
i.e., that corresponding to the future crown. The milk 
teeth, while continuing to grow, remain buried in the 
mucous membrane of the gum, till after birth their 
proper time arrives, when by active growth and en- 
largement they break through the gum. During this 
process the enamel of the crown remains covered, i.e., 
carries with it the inner stratum of the enamel organ 
only, I.e., the enamel cells (Fig. 124, K) ; these, at the 
same time as the surface of the enamel increases, 
become much flattened, and, finally losing their nuclei, 
are converted into a layer of transparent scales, the 
membrane or cuticle of Nasmyth, 

237. Long before the milk tooth breaks through 
the gum, there appears a solid cylindrical mass of epi- 
thelial cells extending into the depth from the original 
connection between the enamel organ and the epithe- 
lium of the surface of the gum mentioned above. 
This new epithelial outgrowth represents the germ for 
the enamel organ of the ])ermanent tooth ; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooth. Then that rudiment undergoes exactly the 
same changes of growth as the enamel organ of the 
milk tooth did in the first period of foetal life. A 
new tooth is thus formed in the depth of the alveolar 
cavity of a milk tooth, and the growth of the former 
in size and towards the surface gradually lifts the 
latter out of its socket. 



CHAPTER XXII. 

THE SALIVARY GLANDS. 

238. The aalifary glanclB, according to their 

structure and secretion, are of the following kinds : — 

(1) Tntestdivary (Fig. 125), seroMS, or albuminous 




glands, such sa the parotid of man and mammals, 
the submaxillary and orbital of the rabbit, the sub- 
maxillary of the guinea-pig. They secrete true, thin, 
water F saliva. 
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(3) Mucous fflandg, sucli as the sub-maxillary and 
orbital of tlie cat and dog (Fig 126), the sub hngual 
of the cat, dog, rabbit, and guinea pig They secrete 
thickiah mucus 

(3) Mixed salivary, or mucosaltvary glands, such 







as the Bub-maxillary and sub- lingual in man and 
in the ape. 

In addition to the three salivary glands — parotid, 
aub- maxillary, and sub-lingual — there are in some 
cases, as in the rabbit and the guinea-pig, two minute 
additional glands, one intimately joined to the parotid 
and the other to the sub-m axillary, and both of the 
nature of a mucous gland. These are the superior and 
inferior admaxillary glands. 

239. The Aramework. — Each salivary gland 
is enveloped in a fibrous connective tissue capsule, 
in connection with which are fibrous trabeculae and 
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septa in the interior of the gland, by which the sub- 
stance of the latter is subdivided into lohea, these 
again into lobules, and these finally into the alveoli 
or acini. The duct, large vessels and nerves pass 
to and from the gland by the hilum. Th^ con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in some instances more, in othera less, 
numerous lymphoid cells. In the sub-lingual gland 
they are so numerous that they form continuous rows 
between the alveolL The connective tissue matrix 
between the alveoli is chiefly represented by fine 
bundles df fibrous tissue, and branched connective 
tissue corpuscles. 

240. The ducts. — Following the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several large branches, according 
to the number of lobes ; each of these takes up several 
branches, one for each lobule. Following it into the 
lobule, the branch is very minute, and is seen to take 
up several more minute tubes ; all these tubes within 
the lobule are the iiiiralohula/r diLcts or the salivary 
tvjbes of Pfluger ; the bigger ducts being the inter- 
lobtdar, and, further, the interlobar ducts. Each of 
the latter consists of a limiting membrana propria, 
strengthened, according to the size of the duct, by 
thicker or thinner trabeculse of connective tissue. In 
the chief branches there is present in addition non- 
striped muscular tissue. The interior of the duct is 
a cavity lined with a layer of columnar epithelial cells. 
In the largest branches there is, outside this layer and 
inside the membrana propria, a layer of small poly- 
hedral cells. 

241. The intralobiilar ducts, or the salivary 
tubes of Pfluger, have each a distinct lumen or cavity, 
which is lined with a single layer of columnar epithe- 
lium, and outside this is a limiting membrana propria.' 
£ach of the lining epithelial cells has a sphericial 
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nucleus in about the middle ; the outer half of the 
cell substance shows very marked longitudinal stria- 
tion, due to more or less coarse fibrillse (see Eig. 125). 
The inner half, i.e., the one bordering the lumen, is 
granular, or only very faintly striated. The outline of 
these salivary tubes is never smooth, but irregular, 
i.e., the diameter of the tube varies from place to 
place. 

Not in all salivary glands do the epithelial cells 
of the intralobular ducts show this coarse fibrillation 
in the outer part of their substance; e.g.^ it is 
not present in the sub-lingual gland of the dog or 
the guinea-pig. 

242. The ends of the branches of the salivary 
tubes are connected with the secreting parts of the 
lobule, i.e., the acini or alveoli These always very 
conspicuously differ in structure from the salivary 
tubes. 

The last part of the duct which is in immediate con- 
nection with the alveoli is the intermediate part, this 
being interposed, as it were, between the alveoli and 
the salivary tube with fibrillated epithelium. The 
intermediate part is much narrower than the salivary 
tube, and is lined with a single layer of very flattened 
epithelial cells, each with a single oval nucleus ; the 
boundary is formed by the membrana propria, con- 
tinued from the salivary tube. The lumen of the 
intermediate part is much smaller than that of the 
salivary tube, and is generally lined with a fine hyaline 
membrane, with here and there an oblong nucleus 
in it. 

At the point of transition of the salivary tube 
into the intermedia,te pai-t there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediate part. In 
some salivary gluuds, especially in the mucous, this 
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neck is the only portion of the intermediate part 
present, e.g.^ in the sul)-maxillarj and orbital glands of 
the dog and cat, and in the sub-lingiial of the rabbit. 
In others, especially in the serous salivary glands, as 
the parotid of man and mammals, the sub-maxillary 
of the rabbit and guinea-pig, and in the mixed 
salivary — as the sub-maxiliary and sub-lingual of 
man — there exists after the neck a long inter-? 
mediate part, which gives off several shorter or 
longer branches of the same kind, all ending in 
alveoli. 

243. The alveoli or acini are the essential or 
secreting poHion of the gland ; they are flask-shaped, 
club-shaped, shorter or longer cylindrical tubes, more 
or less wavy, or if long, more or less convoluted; 
many of them are branched. Generally several open 
into the same intermediate part of a salivary 
tube. The acini are much larger in diameter 
than the intermediate part, and slightly larger, or 
about as large, as the intralobular ducts. But 
there is a difference in this respect between the 
acini of a serous and a mucous salivary gland ; 
in the former the acini are smaller than in the 
latter. 

The membrana propria of the intermediate duct 
is continuous with the membrana propria of the 
acini. This is a reticulated structure, being in 
reality a basket-shaped network of hyaline branched 
nucleated cells (Boll). The lumen of the acini is 
minute in the serous, but is larger in the mucous 
glands ; it is in both glands smaller during secretion 
than during i^est. 

244. The epithelial cells lining the acini are 
called the salivary cells — they are of different charac- 
t(irs in the different salivaiy glands, and chiefly 
determine the nature of the gland. The cells are 
separated from one another by a fluid albuminous 
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cement substance. (1) In the serous or true salivary 
glands, as parotid of man and mammals, sub-maxillary 
of rabbit and guinea-pig, the salivary cells form a 
single layer of shorter or longer columnar or pyra- 
midal albuminous cells, composed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus 
in the outer part of the cell. (2) In the mucous 
glands, such as the sub-lingual of the guinea-pig, or 
the admaxillary of the same animal, the cells lining 
the acini form a single layer of goblet-shaped mucous 
cells, such as have been described in par. 25. Each 
cell consists of an inner principal part, composed of a 
transparent mucoid substance (contained in a wide- 
meshed reticulum of the protoplasm), and of an outer 
small, more opaque part, containing a compressed and 
flattened nucleus. This part is drawn out in a fine 
extremity, which, being curved in a direction parallel 
to the surface of the acinus, is imbricated on its 
neighbours. 

245. (3) In the case of the sub-maxillary and 
orbital glands of the dog, the sub-lingual of the i-abbit, 
there exist, in addition to and outside of the m^ucous 
cetts lining the acini, but within the membrana 
propria, from place to place crescentic masses, being 
the demilunes of HeidenJiain, or the crescents of 
Gianuzzi (see Fig. 126). Each is composed of several 
polyhedral granular-looking cells, each with a spherical 
nucleus ; the cells at the margin of the crescent are of 
course thinner than those forming the middle. Heiden- 
hain and his pupils, Lavdovski and others, have shown 
that, during prolonged exhausting stimulation of the 
sub-maxillary and orbital of the dog, all the lining 
cylindrical m,ucous cells become replaced by small 
polyhedral cells, similar to those constituting the 
crescents, while at the same time the acini become 
smaller (Fig. 127). These observers maintain that 
this change is due to a total destruction of the mucous 
N— 1 
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cells, and a replacement of them bj aew onea denied 
by multiplication from the crescent cells. Thie is im- 
probable, since, during ordinary conditions of secre- 
tions, there is 
no disappear^ 
ance of the 
mucous cells as 

change in size, 

larger during 
secretion, and 
their contents 
are conveited 
into perfect 
mucus. It is 
probable that, 
on prolonged 

stimulation, the 

""""r^" «e iw ...b .m»ii g™oui.r «ii. mucoua celis 
CLsviionkL) collapse into 

the bniall celts, 
seen by Hetdenhain and his pupils 

246. (4) The acmi of the sub-lingual of the dog 
ai-e again different in structure botli from tliose of the 
sub-ni axillary of tlie dog and of the sub-lingual of the 
giiiiiea-pig, (or the acini are there lined either with 
mucous celh or with columnar albuminouB cells, or 
the two kinds of cells follow one another in the sam« 




This gland is a sort of intermediate form between 
the sub-lingual of man and the sub-maxillary of man 
and ape. These aie the mixed or muco-salivary glands. 
In these the great number of acini are serous, i.e., small, 
with small lumen, and linfd with albuminous cells, 
whereas there are always present a few acini exactly. 
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3 gland The two kindB of acini 
jot contiDiiity with one another. la some 
conditions there are onl^ very fev mucous acini to 
be met with within the lobule, so few Bometimea that 
they seem to be altogether absent ; in others they are 
numerous, but even under most favourable conditions 
form only a fraction of the number of the serous 
acini. In the sub-lingual of man they are much 
more frequent, and for this reason this gland p 
a great resemblance to the sub-lingual (A the Aftg. 




What appear to be cregcenU in the mucous acini 
of the human gland are an oblique view of albuminous 
cells lining the acini at the transition between the 
mucous and serous part of the same gland-tube. 

247. The columnar salivary cella lining the adni 
of the sub-maxillary of the guinea-pig in some condi- 
tions show (mjo ditlinct portions, an outer homogeneous 
or slightly and longitudinally striated substance, and 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has shown (Fig. 128) that during the 
period preparatory to secretion the cells lining the 
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acini of the serous salivary glands become enlarged 
and filled with coarse granules ; during secretion these 
granules become used up, so that the cell-substance 
grows more transparent, beginning from the outer 
part of the cell and gradually advancing towards the 
lumen of the acinL 

248. Blood-vessels and lymphatics. — ^Hie 
lobules are richly supplied with blood-vessela Hie 
arteries break up into numerous capillaries, which 
with their dense networks surround and entwine the 
acini Between the intei'alveolar connective tissue 
carrying the capillary blood-vessels and the membrana 
pix)pi*ia of the acini exist lymph spaces surrounding 
the greater part of the circumference of the acini 
and forming an intercommunicating system of spaces. 
They open into lymphatic vessels accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics, 

249. The nerFe-branclies form plexuses in the 
interlobular tissue. In connection with them are 
larger or smaller ganglia. They are very numerously 
met with in the sub-maxillary, but are absent in the 
parotid. Some ganglia are present in connection with 
the nerve-branches surroundi. j the chief duct of the 
sub-lingual gland. 

Pfluger maintains that the ultimate nerve-fibres 
are connected with the salivary cells of the acini in 
man and mammals, but this remains to be proved. 
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CHAPTER XXIIT. 

THE MOUTH, PHARYNX, AND TONGUE. 

250. The glands. — Into the cavity of the 
mouth and pharynx open very numerous minute 
glands, which, as regards structure and secretion, 
are either serous or mucous. The latter occur in 
the depth of the mucous membrane covering the 
lips, in the buccal mucous membrane, in that of th 
hard palate, and especially in that of the soft palate 
and the uvula, in the depth of the mucous membrane 
of the tonsils, at the back of the tongue, and in the 
tnucous membrane of the pharynx. The serous 
glands are found in the back of the tongue, in close 
proximity to the parts containing the special organs 
for the perception of taste — the taste goblets or buds 
(see below). All the glands are very small, but 
when isolated they are perceptible to the unaided eye 
^as minute whitish specks, as big as a pin's head, or 
bigger. . The largest are in the lips, at the back of 
the tongue and soft palate, where there is something 

. like a grouping of the alveoli around the small branches 
of the duct, so as to form little lobules. 

251. The chief duct generally opens with a narrow 
mouth on the free surface of the oral cavity; it 
passes in a vertical or oblique direction through the 
superficial part of the mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all ducts are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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I in the smaller ducts ; in nismmala, the epithelinm- 
is a single layer of polyhedral cells. No fibrillation 
is noticeable in the epithelial cells. At the tranaitit 
of the terminal ducts into the acini there 
ally a, slight enlargement, called the infwiidibulum^ 
here the gran u It 




iking epithelial 
mils of the 
change into 
columnar transparenl 



252. The aciii]| 
of these glands : 
identical with those 
of the mucous glands 
described above (Fig. 
129)— e.<7., the sab^^ 
lingual gland, as i 
gards size, tubulajj 
bi'anched nature, i 
lining epithelium 



(as in the soft palatd 
and tongue) the dm 
near the opening J 
lined with ciliatq 
columnar epitheliui 
The stratified epitfa 
iium of the surface is jgenerally continued a ahort d' 
tance into the mouth of the duct. 

253. Tlie serous glands at the root of 
tongue (von Ebner) differ imxa the mucous chi( 
in the epithelium, size, ajid lumen of the acini Th< 
are of exactly the same nature and structure as t)u 
o! thii serous or true salivary glands. 
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Saliva obtained from the mouth contains num- 
bers of epithelial scales, detached from the surface 
of the mucous membrane, groups of bacteria and 
micrococci, and lymph-corpuscle^ Some of these are 
in a state of disintegration, while others are swollen 
up by the water of the saliva. In these there are 
contained numbers of granules in rapid oscillation, 
called Brownian molecular movement. 

254. The mucous membrane lining the cavity 
of the mouth consists of a thin membrane covered on 
its free surface with a thick stratified pavement epi- 
thelium, the most superficial cells being scales, more 
or less changed into horn. 

Underneath the epithelium is a somewhat dense 
feltwork of fibrous connective tissue, with numerous 
elastic fibrils in networks. This part is the corium or 
mucosa^ and it projects into the epithelium in the 
shape of cylindrical or conical papilke. 

According to the thickness of the epithelium, the 
papillae differ in length. The longest are found where 
the epithelium is thickest, e,g,y in the mucosa of the 
lips, soft palate, and uvula. 

Numerous lymph-corpuscles are found in the 
mucosa of the palate and uvula. Sometimes they 
amount to diffuse adenoid tissue. The deeper part of 
the mucous membrane is the submucosa. It is looser 
in its texture, but it also is composed of fibrous con- 
nective tissue with elastic fibrils. The glands are 
here embedded ; adipose tissue in the shape of groups 
of fat cells or continuous lobules of fat cells are here 
to be met with. The large vascular and nervous 
trunks pass to and from the submucosa. 

255. Striped muscular tissue is found in 
the submucosa. In the lips, soft palate, uvula, and 
palatine arches, it forms a very conspicuous portion, 
the sphincter orbicularis, with its outrunners into 
the mucous membrane of the lips, the muscles of 
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trunks are situated in the submucosa. The last out- 
runners of the nerve branches form a plexus qfnon- 
medullcUed fibres in the superficial layer of the mucosa, 
whence numerous primitive fibriUce ascend into the 
epithelium to form networks. Meissner's tactile cor- 
piiscles have been found in the papillae of the lips and 
: 91 those of the tongue. 

257. In the pliaryiix the relations remain the 

■".- 'flame, except in the upper or nasal part, where we 

^ find many places, covered with columnar ciliated . 

^ " epithelium. As in the palatine tonsils^ so also here, 

tbo mucosa is infiltrated with diffuse adenoid tissue, 

and with lymph follicles in great numbers. This forms 

4he pharyTigeal tonsil of Luschka. 

In the palatine tonsil and in the pharyngeal tonsil 
there are numerous crypts leading from the surface 
into the depth. This is due to the folding of the in- 
^,'. filtrated mucosa. Such crypts are, in the pharynx, 
* sometimes lined all through with ciliated epithelium, 
^ ;' although the parts of the free surface around them 
;- -- are covered with stratified pavement epithelium. 

. 258. Tlie tongue is a fold of the mucous mem- 
l>rane. Its bulk is made up of striped muscular tissue 
(genio-, hyo-, and stylo-glossus; according to direction : 
longitudinalis superior and inferior, and trans versus 
linguae). The lower surface is covered with a delicate 
mucous membrane, identical in structure with that 
lining the rest of the oral cavity, whereas the upper 
part is covered with a membrane, of which the mucosa 
projects over the free surface as exceedingly numerous 
fine and short hair-like processes, the papUlcefilifonnes, 
or as less numerous isolated somewhat longer and 
broader mushroom-shaped papiUce /ungi/ormes. The 
papillae, as well as the pits between them, are covered 
» with stratified pavement epithelium. Each has numbers 
of minute secondary papillae. Their substance, like 
the mucous membrane of the tongue, is made up of 
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fibrous connective tissue. The mucous membrane is on 
the whole thin, and is firmly and intimately connected 
with the fibrous tissue forming the septa between the 
muscular bundlt-s of the deeper tissue. It contains 
larg(¥ vascular trunks, amongst which the plexus of 
veins is very conspicuous. On the surface of the milf 
cosa is a rich network of capillary blood-vessels^ edfifc 
tending as complex loops into the papillae.' LymphatiiMl '!^ 
form rich plexuses in the mucosa and in the deep mus^ 
cular tissue. Adipose tissue is common between the 
muscular bundles, especially at the back of the tongaeL 

259. There are two varieties of glands present in \ 
the tongue, the mucous and serous. The latter oocilr ^ 
only at the back, and in the immediate neighbourhood 
of the taste organs ; the mucous glands are chiefly - 
present at the back ; but in the human tongue theve . 
are small mucous glands (glands of Nuhn) at the tipi 
All the glands at the back are embedded between thtf 'j 
bundles of striped muscular tissue, and thus the move* 
ments of the tongue have the effect of squeezing out 
the secretion of the glands. About the glands 
numerous nerve bundles are found connected witb^j 
minute ganglia. 

At the root of the tongue the mucous membrane life 
much thicker, and contains in its mucosa numerous 
lymph follicles and diffuse adenoid tissue. Thns 
numerous knob-like or fold-like prominences of the 
mucosa are produced. There are also minute pits or 
crypts leading into the depth of these prominences. 

260. The papillae circumvallatae are large 
papillae fungiformes, each surrounded by a fold of the 
mucosa. They contain taste goblets or buds — i.e., 
the terminal taste organs. At the margin of the 
tongue, in the region of the circum vallate papillae, 
there are always a few permanent folds, which also 
contain taste goblets. In some domestic animals these 
folds assume a definite organisation — e.^., in the rabbit 
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tlinre ia an oval or circular organ compOHEKl of numliprs 
of parallel and permanent folds, papHln folitUa (Fi^. 
1.11), The papiUffi fnngiformea of the resS of tlie tongue 
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also contain in Home places a taste goblet But most 
of the taste goblets are found on the pupillie circum. 
vallatw and foliatBB, In both kinds of atnicturea the 
taste goblets are placed in several rows close round 
the bottom of the pit, separating, in the [MipilliB cir- 
cumvallatie, the papillte fungifornies from the fold of 
"" ^ mucosa surrounding it ; in the papilla foliata the 
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pits are represeuted by grooves separating the indi- 
vidunl folds froui one aimtlier. 

SGI. The lasie coblcls or lastc bndi« are 

barrel- or diLak-8liii[ie(l ^rMM■llll■. ■-, ; Vis ^'''■~), extending 




in a vertical direction through the epithelium, from the 

free surface to the iniicoBft. Each is covered with & 

I, elongated epitheliul cells, forming its peripl 
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l^liese are the tegmental cells. The interior of the goblet 
*ds made up of a bundle of spindle-shaped or staff-shaped 
taste cells. Each includes an oval nucleus, and is 
drawn out into an outer and an inner fine extremity. 
■The former extends to the free surface, projecting just 
ihrough the mouth of the goblet, and resembles a fine 
hair ; the latter is generally branched, and passes to- 
wards the mucosa, where it probably becomes con- 
nected with a nerve-fibre, the mucosa of. these parts 
containing rich plexuses of nerve-fibres. 

Into the pits surrounded by taste goblets open the 
ducts of the serous glands only (von Ebner). 



CHAPTER XXIV. 

THB (ESOPHAGUS AND STOMACH. 

262. I. The cesophag^s. — Beginning with the 
ossophagus, and ending with the rectum of the large 
intestine, the wall of the alimentary canal consists of 
an inner coat or mucous membrane, an outer or mus- 
cular coat, and outside this a thin fibrous coat, which, 
commencing with the cardia of the stomach, is the 
serous covering, or the visceral peritoneum. 

The epithelium lining the inner or free surface of 
tlie mucous membrane of the oesophagus is a thick, 
stratified, pavement epithelium. 

In Batrachia, not only the oral cavity and 
phaarynx, but also the oesophagus, are lined with 
ciliated columnar epitheliuni. 

The mucous membrane is a fibrous connective 
tissue membrane, the superficial part 6f which is 
dense — the mucosa; this projects, in the shape of 
small papillse, into the epithelium. 

The deeper, looser portion of the 'mucous membrane 
is the submucosa ; in it lie small mucous glands, the 
ducts of which pass in a vertical or oblique direction 
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through the mucoHa in order to open on the free ■ 
face In man tliebe glands are companLtively a 
u camivorouB animals (dog, cat) iixaj form an alnioi 
cuntuiuoiiB layer (Fig 133) 

St) 3 Bt^lween tli« mncosa and Biibtnticosa i 
longiludmal bundlee of nun atnped i 




Tis 133 —From a. Longltaduial Seotum throngli the Mi 



At the beginning of the CESophi^us they are aibc 
hut soon make their appearance— at first aa am 
bundles separated from one another by masses of DC 
nective tissue ; but lower down, about the middl 
they form a continuous stratum of longitudi 
bundles. This is the mvMalari* n 
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Outside the submucosn. is the muscularis externa. 
This consists of an inner thicker circular and an outer 
thinner longitudinal coat And outside this is the outer, 
' or limiting, fibrous coat of the oesophagus. In man. 
the outer muscular coat consists of non-striped muscu- 
lar tissue, except at the b^inning (about the upper 
third, or less) of the oesophagus, which is composed 
of the striped variety ; but in many mammals almost 
the whole of the external muscular coat, except the 
part nearest the cardia, is made up of striped fibres. 

264. The large vessels pass into the submucosa, 
whence their finer branches pass to the surface parts. 
The superficial part of the mucosa and the papillae 
contain the capillary networks. The outer muscular 
coat and the muscularis mucosse have their own 
vascular supply. 

There is a rich plexus of lymphatics in the mucosa, 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmann). The nerves form rich plexuses 
in the outer fibrous coat ; these plexuses include 
numerous ganglia. A second plexus of non-meduUated 
fibres lies between the longitudinal and circular mus- 
cular coat ; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglioii is 
connected also with this plexus. 

265. XL Tlie stomacli. — Beginning with the 
cardia, the mucous membrane of the stomach is covered 
with a single layer of beautiful thin columnar epithelial 
cells, most of which are mucus-secreting goblet cells. 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts of glands, placed very closely 
side by side. These extend, more or less vertically, as 
minute tubes, into the depth of the mucous membrana 
In the pyloric end, where the mucous membrane 
presents a pale aspect, the glands are called the pyloric 
glands; in the rest of the stomach, whose mucous 
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membrane presents a reddish or red-brown appear- 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on the 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — plicse villosse. 
But they are not real villi. 

The part of the mucous membrane containing 
the glands is the mucosa; outside this is a loose con< 
nective tissue containing the large vessels — this is 
the suhmucosa. Between the two, but belonging 
to the mucosa, is the musculai^ mucosoB, a thick 
stratum of bundles of non-stiiped muscular tissue, 
arranged in most parts of the stomach as an inner 
circular and an outer longitudinal layer^ The tissue 
of the mucosa contains the gland tubes, airanged 
more or less in small groups. Between them is a 
delicate connective tissue, in which the minute capil- 
lary blood-vessels pass in a direction vertical to the 
surface. Numerous small bundles of non-striped 
muscular fibres pass from the muscularis mucosae 
towards the surface — up to near the epithelium of 
the surface — forming longitudinal muscular sheaths, 
as it were, around the gland tubes. 

The })lic8e villosse of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

2QQ. The peptic glands (Fig. 1 34) are more or less 
wavy tubes, extending down to the muscularis mucosae. 
The deep part is broader than the rest, and is more 
or less curved, seldom branched. This is the fundus of 
the gland ; near the surface of the mucosa is the 
thinnest part of the tube; this is the neck. Two 
or three neighbouring glands join and open into 
the short cylindrical duct mentioneJ ?.bove. The 
duct is lined with a layer of columnar epithe- 
Jial cells, continuous and identical with those of the 
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free surface of the mucous membrane. The cavity of 
the duct U continued as a very fine canal into the 
neck and into the rest of the gland tuba Next 




Fig. ISl^Peptlc Qlauds 
*.DBaCT»^w^»er^a,^i)uc!_ n im-t a mnof tli«fiDiIin<i(«Bliiiia 

to Uie lumen ia a continuous ningle Jaypr of more or 
less transparent, granular looking, epithelial cells, 
each with a reticulated protoplasm and a spherical or 
Bligbtly oval nucleus. In the neck these cells are 
o— 1 
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polyhedral, but farther downwards increase to cvlin 

drical celia, and in tb(> fun lua of tl e gl md t be they 

are long columnar. This lajer of cells bordenng tT 

lumen is the layer of chief 

ce2b(Heidenhain.) Outaidie 

them is the limiting mem 

brana propria of the gland 

tube. But from place to 

place, between the mem 

brana propria and the chief 

cells, are single oval spl e 

rical or angular large 

granular and opaque-look 

iiig cells, called the ^j-iii f 

tells (Ileidenhain). Tli 




1 



fe. 



neck tlian in any oi i 
part of tlie gland ; at 
fundus thoy are few ai d 
far between, whereas at 
the neck tliey form almost 
a continuous layer, Their 
protoplasm is densely retl 
culated, 

267. The pyior 
glands (Pig. 135).— The 
duel of each pyloric gland f g 135 
is several times longer than at™t"'e' i 
of the peptic. The duct of swraaUi 
the former occnpiea in ^^,'",1'. 
some places as much as \" J^ "" 
half of the thickness of the 
mucosa, whereas that of the latter does not exceed I 
in the fundus of the stomach or in the cardia, moB I 
than one-fourth or one-fifth of the tlnckness 

The epithelium \hung the duct of the pylaritl 
glanda is the seme b-s ui t\8.t til fto -^^Yt ~ * 
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duct takes up two or three tubes by their short, 
narrow, thin neek. The main part of each gland tube 
is convoluted and slightly branched. The neck is lined 
with a layer of polyhedral cells, whereas the gland 
tube has a lining of columnar transparent cells, and 
its lumen is very conspicuous. 

After prolonged secretion the cells are smaller and 
less transparent than during secretion. Their proto- 
plasm in the former state is a denser reticulum than 
in the latter ; the transparent interstitial substance in 
the meshes of the cell reticulum is larger during the 
earlier stages of secretion. 

The cells . are serous, not mucous, and the se- 
cretion of the glands cannot therefore be mucous. 
According to Ebstein the secretion is pepsin, and 
he and Heidenhain consider the pyloric glands as 
simple peptic glands. But this view is not generally 
accepted. 

Between the mucous membrane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there is a narrow intermediate zone, 
in which the peptic glands appear by degrees to 
merge into the pyloric glands. That is to say, the 
^hort duct of the former gradually elongates, the gland 
tubes get shorter in proportion and convoluted, their 
lumen gradually enlarges, and the parietal cells 
become fewer and. ultimately disappear. 

268. The mucosa contains isolated lymph follicles^ 
glandulse lenticulares, and in the pyloric part also 
groups of these— ^glandulfle agminatse. 

The submucosa is of very loose texture, and enables 
the mucosa to become easily folded in all directions: 

"The muscular coat is very thick, and consists of 
an outer longitudinal and an inner thicker circular 
stratum of non-striped muscular tissue. Numerous 
oblique bundles are found in the inner section oi t>Vk!^ 
circular stratum. 
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The gland tubes are ensheathed in a network of 
eapUla/ry blood-vessels derived from the arteries of 
the submacosa. This network forms on the surface 
a special dense horizontal layer, from which the venous 
branches are derived. The outer muscidar coat and the 
muscularis mucosae possess their own vascular supply. 

269. The lymphatics form a network in the 
mucosa near the fundus of the glands. Into this 
plexus lead lymphatics which run longitudinally 
between the glands ; they anastomose with one another 
freely, and extend to near the inner surface (Lov^). 
Another plexus is found in the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat^ and extending parallel to the 
surface, is a plexus of non-medullated nerve-branches 
with a few ganglia in its nodes. This corresponds to the 
pleocus of Auerb<ich of the intestine, and is destined 
for the outer muscular coat. A second plexus of non-i 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the plexus o/Meissner of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Babe, the gastric gland tubes in the 
horse are surrounded by a rich plexus of nerve-fibreSi^ 
terminating in peculiar spindle-idiaped cells. 
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THE SMALL AND LARGE INTESTINE. 

270. The epithelium covering the inner or firee 

surface of the mucous membrane of the small and 

Jarge intestine is a single layer of columnar cells, thor 

pvotoplo&m more or lesa distinctly longitudinally fibiil- 

mted ; their free Buriace ai^i^^;di\% <^^^\^ ^tU» a 
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As in the atomach, bo also 
in the small and lai-ge intes- 
tine, the mucosa is connected 
with the outer muscular coa.t 
by a looaft-textured tibious svb- 
■miteosOt in which lie the large 
vascular trunks, and in many 
places larger or smaller groups 
of fat cells and lymph cor- 
puscles. Between the mucosa 
and submucosa, but belonging 
to the former, is a layer of 
non-striped muscular tissue, 
the musctUarig mueoacB. This 
is in many places composed of 

I inner circular and outer longi- 
tudinal bundles, but there are 
a good many places, eapeciallj 

in the small intestine, where 

only a layer of longitudinal Kg. 1S7.— Prom s Vertioal 
bundles can be made out. IS"Sl"^°^''^i''?™ 

The tissue of tlie mucosa te iDtestineofsoK. 
siraUar in structure to adenoid "-^X of 'ffiw'rtiul.'l'Xi*? 
tissue (Fig. 136), consisting of R'^d^1'h'*'.?i«<?^SSi> 

^^^jreticular matrix with fla.-t- ^*u?o™ ^t »^a^^\h!SSSs 
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lened large nacleated endotheloid cells and 
lymph corpuacles. Those ara either small lym[ill 
corpuscles like leucocytes, or they aro somewhat larga 
and tilled with coarse granules — plasma-cella. 
mucosa of the small and liirge intestine contains simpl 




gland tubes, the crj/pfa or foUiclM 0/ Lieberkilhn 
137); they areplaced vertically and closely side hy . 
extending from the free surface, where they open, ^ 
the muscalaris mucosse. These glands possess a lain 
lumen, and are lined with n single layer of colunun 
epithelial cells, many of them goblet cells. 

271. In the small intestine the mucosa projeofa lA 

yond die surface as numerous longer or shorter, <^lEl 

dn'eal, conical or leaf-shaped mlli (Fig. 138). Thta 

>, of course, covered "wiyi ftie coW-omw «'^ithelii|t 
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of the general Burface, and their tissue is the same as 
that of the mucosa — i.e., adenoid tissue — with tlie 
addition of ; (a) One or two central wide chjle (lymph) 
vessels (see Fig. 140), their wall being a single layer 
of endothelial plates, {b) Along these chyle vessels 
are longitudinal bnudles of non-striped muscular tissue, 
extending from the base to the apex of the vllluB, 
terminating in connection with the cells of the base- 
ment membrane — i.e., the subepithelial endothelium, 
(c) A network of 
capillary blood- 
vessels extending 
over the whole of 
the villus close to 
the epithelium of 
the surface (Fig. 
139). Tliis capil- 
lary network de- 
rives its blood 
from an artery in 
about the middle 
or upper part of 
- thevillus. Twove- 
nous vessels carry 
weiiBiio^. (Atil^ *' "* away the blood 
from the villus. 
The TJeberkiihn's crypts open between- the bases of 
the villi 

About the base of the villi of the email intestine, 
and about the base of the plicfe villosie of the stomach 
(see a former chapter), there exist amongst the epithe- 
lium of the surface peculiar goblet-shaped groups of 
epithelial cells, which, as Watney has shown, are due 
to local multiplication of the epithelial cells. 

272. Lyraph follicles occur Ringly in the submucosa, 
and extend with their inner part or summit through 
the muscularis muco8« into the mMcosa. \o liew: ■Cu.'e, 
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internal free surface of the latter (Fig. HO), These 
are the solitary lymph Jbllieles of the small and large 
intestine ; in the latt«r they are larger than in the 
former. 

Agminated glands, or Peter's glands, are larger or 
smaller groups of lymph follicles, more or less fused 




•^ 
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with one another, and situated with their m^n part 
in the submucosa, but extending with their summit 
to the epithelium of the free surface of the mucosa. 
Jn the lower part of the ileum these Fejer's glanda 
are very numerous. The epithelium covering the 
summits of these lymph follicles is invaded by, and 
more or less replaced by, the lymph corpuscles of the 
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adenoid tissue of the follicles (Watney), similar to 
what is the case in the tonsils {see par. 124). Isolated 
lymph-corpuscles are met with amongst the epithelium 
also of other parts of the intestine, e.^., the epithelium 
covering the villL 

The outer muscular coat consists of an inner thicker 
circular and an outer thinner longitudinal stratum of 
non-striped muscular tissue. 

In the large intestine, in the " ligauienta," only 
the longitudinal layer is present, and is much 
thickened. 

273. The blood-vessels form separate systems of 
capillaries for the serous coveiing, for the outer mus- 
cular coat, for the muscularis mucosae, and the richest 
of all for the mucosa with its Lieberkiihn's crypts. 
The capillary network of the villi is connected with 
that of the rest of the mucosae. 

The chyle vessel, or vessels of the villi, commence 
with a blind extremity near the apex of the villL 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses belonging to the mucosa, and situated be- 
tween the crypts of Lieberkiihn (Fig. 140). This 
network is the same both in the small and large 
intestine, as is also that of the lymphatics of the 
submucosa with which the former communicates. The 
lymph follicles are generally surrounded with sinuous 
vessels of this plexus. The efferent trunks of the 
submucous plexus, while passing through the outer 
muscular coat in order to reach the mesentery, take 
up the efferent vessels of the plexus of the lymphatics 
of the muscular coat 

The cbyle, composed of granules and fat globules 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium into the spaces 
of the reticulum of the villi, and from here into 
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h&\e central chjle ve aels The \lasn a-co ■puscles 
I'in the pet ulum of tie inatn-^ may and son et lea 
ft do take p chyle g!ol lea but t a a m atake to 
» ascribe to theae Ijn ph cella any al are n the paBaage 
ro£ chjle globules from the ep thel uiu nto the central 
I chyle yeasel 

Owing to the peripheral disj os t on of the 
IcaplU ea n tl e Mlh and owug to the ^reater 
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filling with blood of the capUlariea during dig^tioOf 
the yilli are thrown into a atate of turgeacence duriiie 
this period, in conaequence of which the central chylfl 
vessels are kept distended. Ahsorption is l£uB 
greatly supported. The contraction of the musculMt 

I tissue of the villi and of the muscular coat of the inr? 
testine greatly facititatea the ahsorption and diaohargv 
of the chyle. 

274. The non-medu Hated nervea form r riol^ 

I plexna, called the plexus iiiyentericus of AuerbaA 

(Fig. 142), with groups of ganglion cells in thdi 

■ IS J this plexus lies between the longitudinal 
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circular muBCular coat Another plexus connected 
with the former hes la the sulimucoua tissue , this 
IS the plexus of Meiaaner, wtth gan^ha. In both 
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plexuees the branches are of a very variable thickness ; 
the^ are groups of simple axis cylinders, held together 
by a delicate endothelial sheath. 



CHAPTER XXV r. 

THE GLASDS OF BRUNNEB, AND THE PANCREAS. ^ 

375, At the pasaagB o£ the pyloric end of ( 
e duodenum {Fig. 1-13), and in the fi: 



L 




part of the latter, is a continuous laye^r of gland tissue 
in the Bubmucoaa, counposed of convoluted. 
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branched tubes grouped into lobules, and permeated 
by bundles trf non-striped muscular tissue, outrunners 
of the muacularis raucoste. These are tlie glandv of 
Sruimer. Numerous thin ducts lined with a single 
layer of columnar epithelial cells pass through the 
mucosa, and open witli the crypts of Lieberkiihn be- 
tween the baaes of the villi. The gland tubes of 
Branner's glands are identical in i6ructure with tlie 
pyloric glands, tmth which they form a direct anor- 
tonUeal eontinvity. 

276. The pancreas (Fig. 144) is in most respects 
identical in struc- ^^^ 

ture with a serous --,-^»CS^^ 

or true salivary /iW^^k . 

gland The diatri ^ - -^■^^1^ 

bution of the blood 
vessels and lym 
phaties and the ar P 

range ment of the _ 
connective tissue so V' 
as to sepaiute tlie V_i.^ 
gland tissue in lobes r'^J.--' 

and lobules with the r^^ ^ 

corresponding inter '_^V W 

and intra lobular -J^ 

ducta, la Biniilar in \ ~) 

both cases. The "■ ' 

epithelium lining 

the latter ducts w ^^ ^^''^p^aU^f Ug"™*'' "" 
only faintly atnated, ^.^^^ ^j^^,, ^^ ^^ ,^^ ^,^^^ . ^^^ j,^,^ 
not by any means MiiBibnwuDouKriraiiosoBoomanduiiiiBer 

.J. / . emno lir-looUiig ponim i s, «mtnu» duet. 

SO distinctly as in wti**.) 
the salivary tubes. 

The alveoli or acini are club-shaped, flask-xbaped, 
shorter or longer cylinders, and convoluted. 

277. The intermedial^ part of the duct and its 
passage into the alveoli is the same as in the 
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salivary glands. The cells lining the alveoli are 
columnar or pyramidal, and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(Langerhans, Heidenhain), and an inner more trans- 
parent granular-looking zone. The nucleus of the 
cell is spherical, and lies in about the middle. 
According to the state of secretion the two zones 
vary in amount, one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of the alveoli, i.e., next to the 
intermediary part of the duct, are seen spindle-shaped 
cells occupying the lumen, the ceratrodciiious cells of 
Langerhans. 

In the rabbit's pancreas Kiihne and Lea have 
shown that there are peculiar accumulations of cells 
between the alveoli, which are supplied with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVIL 

THB LIVER. 

278. The outer surface of the liver is covered with 
a delicate serous membrane, the peritoneum, which, 
like that of other abdominal organs, has on its free 
surface a layer of endothelium. It consists chiefly of 
fibrous connective tissue. 

At the hilum or porta hepatis this connective 
tissue is continued into the interior, where it joins 
the connective tissue of the GlissorCs capsule, or 
the interlohula/r connective tissue (connective tissue 
of the portal canals). This tissue is fibrous, and 
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more or less lamellated ; by it the substance of 
the liver is subdivided into numerous, more or less 
polyhedral, solid lohuh* or aetnx (Fig 1 45), each about 
,'atli o£ an iDch in diameter Accordmg to whether 
the interlobular 
tissue forms com 
plete boundsnes 
or not, the acini 
appear welt de 
fined from one 
another (pig, ice- 
leas fused (man 
and oamiTOrous 
animals and ro- 
dents) 

Within each 
acinus there is 
only very scanty 

connective tissue, I^ I-IS — rrom h Section through the liiTBT 
m me snape 01 ^^ Bep,r»tBd from one another by the 
extremely delicate inMrlobalar tiuae. 

tened connectii e- bf^dn"r*i'5ii^™iiJor"rjJSt™utM""AtLB.i 
tissue ceils Occa- 
sionally, especially in the young liver, lymph cells are 
to bo met with in the acini and in the tissue between 

279. The vena portee having entered the hiliini 
gives off rapidly numerous branches, which follow the 
interlobular tissue in which they are situated, and 
they form rich plexiuet around each aeinut ; these are 

the interlobular veins (Fig, 146). Numerous capillary 
blood-vessels are derived from these veins. These 
oapUlaries pass in a radiating direction to the centre 
of t^e acinus, at the same time anastomosing with 
one another by numerous transverse branches. In the 
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centra of the acinus the capillaries become con- 
fluent into one large vein, the eenlral or intralobiiiar 
vein. The intralobular ^'eins of several neighboiiiTng 
ainni join so as to form the aidilobular veins, 
theae leuil uito the eSerent veim of the liver, oi 
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I, which finally pasa into the ■> 



I 

^^^^ft cava inferior. 

^^H 280. Tlie eubstanoe of each acinua- 
^^^^B tissne between the capillary blood-veasela— is com 
^^^^1 posed of uniform polygonal protoplaamic epithelii 
^^^^f cells, of about jij^h of aa inch in diameter ; thei 
( are the livei- ceUa. Owing to the peculiar, more i 

less radiating, arrangement of the capillaries, the livi 
cellfi appear to form cotiimns or cylinders, also mai 
^^^—P^ Jess radiating from thfi ^icv^Wrj tavracds tl: 
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The Liver. 



centre of the acinus. Sometimes the liver cells contain 
minute pigment granulea 

Each liver cell shows a more or less fibrillated and 
reticulated protoplasm (Kupfer), and in the centre a 
aphericftl nucleus with its reticulum generally witli 
one or more nucleoli. 
During activity the 
li\er cells are larger 
and look more gran 
ular than after 
action 

The hver cells 
are joined with one 
another by an albu 
minous cement sub- 
stance m which aie 
left fine channels 
these are the hd« 
capillaries, or xntra ■' 
lobular bile vessels 
(Fig. 147). In . , 
Buccessfully injected 
preparation, the hiuud-vetwis. (amu.j 
liver cells appear 

separated everywhei-e from one another by a bile 
capillary, and these form, for the toJiole acvnus a con- 
timums intercommumeoting network of minute 
channels. Where the liver cells are in contact with 
a capillary blood-vessel, there, of course, are no bile 
capillaries, since these exist (ml/y between liver cells. 

281. At the margin of the acinus the bile capil- 
laries are connected with the lumen of minute tubes ; 
these possess a membrana propria and a lumen lined 
with a single layer of transparent polyhedral epitheliai 
cells. These are the small interlobular bile duel* 
(Fig. 148). Their epithelial cells are in reality coiv- 
tinuous with the liver cells. These iacte '■i*i«i «"'>^'^ 
p—1 
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form larger inlerlohnlar bile ducUf lined with more or 
Ihbs columnar epithelium. Th6 first part of the bile 
duct lined with polyhedral cells cotrcsponda to the 
intermediary part of the ducts of the salivary glands. 

j The interlobular bile dnota form networks in the inter- 
lobular tisHua Towards the Lilum they become ol 

I great diameter, and their wall is made up of fibrous 

I tissue, and in it bundles r>! non-striped muscular cells. 

I Small mucuB-eecreting glands are in their wall, and 
]en into their lumen. 
The wall of the hepatic duct, and of the gall 

I bladder, are merely exaggerations of a large bils 

; duct. 

283. The hepatic artery follows in its ramification 
e interlobular veins. The arteiial branches foria 
plexuses in the interlobular tissue, and they suppljT 
the capillary blood-Teasels of the interlobular conneofci 
ise tissue, and especially of the bile ducts, Tho 
capillary blood-vessels of the bile ducts join so as t<y 
form small veins which finally empty themselves tnttf 
the interlobular veins. The anastomoses between the 

. capillary blood - vessels, derived from the arterial 
branches, and the capillary blood-vessels of the acini, 
ire insignidoant (C'ohnheiin and Litten). These 

Bxuvering of the liver contains special arterial branches! 

■ — I'arai capsularea. Networks of lymphatics — deep 
mij/mphatics — are present in the interlobular conneotjvi 

ming plexuses around the interlobular blood 

■ Tessela and bile ducts, and occasionally forming a periw 
;ular lymphatic around a. branch of the hepati 
L. Within the acinus, the lymphatics are repre 

■isented only by spaces and clefts existing betweei 

y the liver cells and capillary blood-vessels ; these wi 

the intralobular lymphatics (Macgillavry, Frey, exu 

others). They anastomose at the margin of the acintu 

with the interlobular lymphatics. 

Ill the capsule of the liver is a special networt 



Chap. XXVIII.] Organs OF Respiration 227 

of lymphatics called the superjlcicd lymphatics 
Numerous branches pass between this network and 
the interlobular lymphatics. 



CHAPTER XXVIIL 

THE ORGANS OF RESPIRATION. 

283. I. The laryAx.— The supporting frame- 
work of the larynx is formed by cartilage. In the 
epiglottis the cartilage is elastic and reticulated, i.e.^ 
the cartUage plate is perforated by numerous smaller 
and larger holes. The cartilages of Santorini and 
Wrisbergii, the former attached to the top of the 
arytenoid cartilage, the latter enclosed in the aryteno- 
epiglottic fold, are also elastic. The thyroid, cricoid, 
and arytenoid cartilages are hyalina All these are 
covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front part of the true vocal cord. This is the 
cartilage of Luschka. 

The mucous membrane lining the cavity of the 
larynx (Fig. 148) has the following structure : — 

The internal or free surface is covered with 
ciliated stratified columnar epithelium ; the most 
superficial cells are conical cells with cilia on their 
free surface; then between the extremities of these 
cells are wedged in spindle-shaped and inverted 
conical cells. Numerous goblet cells are found 
amongst the superficial cells. The two surfaces of 
the epiglottis and the true vocal cords are covered 
with stratified pavement epithelium. 

Underneath the epithelium is a basement mem- 
brane separating the former from the mucous mem- 
brane proper. 
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B membrane is del cate connect ve 
tissue w th mero b lymph corpuscles In the poa 
tenor surface of the ep glottis d the false vocal cords, 




the ventricle of the larynx, this 
infiltration amounts to diffuse adenoid tissue, and 
even to the localisation of this as lymph foUicles. 
Ill both surfaces of the epiglottis, and in the true 
vocal cords, the mucosa extends into the strati- 
Bed jTavement epithelium in the shape of minute 
papillae. 
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In the lower part of the larynx the mucous mem- 
brane contains bimdles of elastic fibres connected iijto 
networks, and running in a longitudinal direction. 
These elastic fibres are found chiefly in the superficial 
parts of the mucous membrane. In the true vocal 
cords the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cords. 

285. The deeper part of tl^e mucous membrane is 
of loose texture, and corresponds to the sub-mucosa ; 
in it are embedded numerous mucoiis glo/ndSf the 
ducts of which pass through the mucosa and open on 
the free surface. The alveoli of the glands are of the 
nature of mucous alveoli, t.6., a considerable lumen 
lined with a layer of mucous goblet cells. There are, 
however, also alveoli lined with columnar albuminous 
cells, and such as have both side by side, as is the case 
in the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the ducts. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate with the capillary net- 
work in the superficial— i.e., sub-epithelial — layer of 
the mucosa ; where there are papillae — 1.6., in the 
epiglottis and true vocal cords — these receive a loop 
of capillary blood-vessels. The lymphatics form super- 
ficial networks of fine vessels, and deep submucous 
networks of large vessels. These are of enormous 
width and size in the membrane of the anterior surface 
of the epiglottis. The finer nerves form superficial 
plexuses of non-meduUated fibres, some of which ter- 
minate, according to Luschka and Boldyrew, as end 
bulbs. Taste-buds have been found in the epithelium 
of the posterior surface of the epiglottis (Verson, 
Schofield, Davis), and also in that of the deeper parts 
of the larynx (Davis). 

286. II. The trachea. — The trachea ia -^e^rj 
similar in structure to the lowex "^a^rt. 0I ^Xi^ \^x^^tts.^ 



r; 



Elements of Histology, tchsp. xxviii. 

wliicli it flilfers meruly in poaaessing tlw lings 
of hjilino cartilage, and in containing, in the jiostei ' 
niembranoua poi'tiou, IraiineKrsn h-iinUfji of n 
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Ittripedm/usenlair tissue, extending horizontally Ijetween J 
the ends of the rings. Its component parte ai'e (Fig, T 
150):- ' 

(a) A stratified columnar ciliated epithelium. 
(d) A basement membrane. 
I 
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(c) A mucosa, with the termiual networks of capil. 
lary blood-vessels, and infiltrated with adenoid tissue. 



Fig ISO— From a Longitndiiul Section tliTOugh 



I 



(d) A laynr of longitudinal elastic fibres connected 
into networks. 

(e) A loosely textured aubniucoos tissue, contain- 
ing the large vessels and nervea ani. wa^ -ajjiKKNa 
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glands. Occasionally the gland or its duct is em- 
bedded in a lymph follicle. 

287. III. The brouchi and the lung:. — 

The bronchi ramify within the lung dendritically 
into finer and finer tubes. The finest branches are 
the terminal bronchi. In the bronchi we find, instead 
of rings of hyaline cartilage, as in the trachea, larger 
and smaller oblong or irregularly shaped plates of 
hyaline cartilage distributed more or less uniformly 
in the circumference of the wall. Towards the small 
microscopic bronchi, these cartilage plates gradually 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the 
same as in the trachea. The submucous tissue con- 
tains small mucous glands. 

288. Between the sub-epithelial mucosa and the 
sub-mucosa is a continuous layer of circular non- 
striped micscular tissue. In the smaller microscopic 
bronchi this layer is one of the most conspicuous. By 
the contraction of the circular muscular coat the 
mucosa is placed in longitudinal folds. 

. The state of contraction and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of the bronchial wall in animals 
and man. 

The lymphatic networks of the bronchial mucous 
membrane are very conspicuous. Those of the sub- 
mucous tissue, i.e., the peribronchial lymphatics, anas- 
tomose with those surrounding the pulmonary blood- 
vessels. 

Pigment and small particlea cauXiek eaaVVy «L\i^Q\:bed 
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through the cement substance of the epithelium into 
the radicles of the superficial lymphatics, whence they 
pass readily into the (larger) peribronchial lymphatics. 
In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
several wider tubes called the alveolar ducts, or in- 
fundihda ; each of these branches again into several 
similar ducts. All ducts, or infundibula, are closely 
beset in their whole extent with spherical, or, being 
pressed against one another, with Jjolygonal, vesicles — 
the air-cells or alveoli — opening by a wide aperture 
into the alveolar duct or infundibuium, but not com- 
municating with each other. The infundibula are 
much wider than the terminal bronchioles, and also 
wider than the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struc- 
ture, the apex of which is formed by the terminal 
bronchus. Such a conical mass is a lobule of the lung, 
and the whole tissue of the lung is made up of such 
lobules closely aggregated, and arranged as lobes. 
The lobules are separated from one another by deli- 
cate fibrous connective tissue; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 
of the lung is continuous with the fibrous tissue of 
the surface called the pleura pulmonalis. This mem- 
brane contains numerous elastic fibres, and on the 
free surface is covered with a layer of endothelium. 

In some instances (guinea-pig) the pleura pulmo- 
nalis contains bundles of non-striped muscular tissue. 

The lobes of the lung are separated from one 
another by large septa of connective tissue — the liga- 
menta ])ulmouia 
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291. Thetermlnal bronchi contain no cartilage 
■ mucous glands in their wall. This b made up of 
iree coata : {a) a delicate epithelium — a single layer 

small polyhedral granular- looking celU ; (£) a 




ris. 151,— From a Etaction thronjh thaLungol Cat, stained with Nitiato 
^Silier, 



circular coat of non-striped muscular tissue ; and (c) 
a line adventitia of elastic fibres, arranged chiefly as 
longitudinal networks, 

292, Tracing the elements constituting the wall 
of a tertninal bronchiole into tlae inS.wn-ii.Wla. aasl air- 
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cells (Fig. 151), we find the following changes : {a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the terminal bronchiole, are trace- 
able into the infundibulum only as larger or smaller 
groups; between these groups of small polyhedral 
granular-looking cells large, flat, transf)arent,' homo- 
geneous, nucleated, epithelial scales make their ap- • 
pearance. The farther away from the terminal 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cells. In all infundibula, however, 
the transparent scales form the chief lining. This 
becomes still more marked in the air-cells. There 
the small polyhedral granular-looking cells are trace- 
able only singly, or in groups of two or three (Elens), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the foetal state all cells lining the infundibula 
and air-cells are of the small polyhedral granular- 
looking variety (Kiittner). With the expansion of 
the lungs during the first inspiration many of these 
cells change into the large transparent scales, in order 
to make up for the increment of surface. A lung 
expanded ad maximum shows much fewer or none of 
the small polyhedral cells ; while a lung that is col- 
lapsed shows them in groups in the infundibula, and 
isolated or in twos or threes in the alveoli. 

293. (6) The circular coat of non -striped muscular 
tissue of the terminal bronchiole passes as a con- 
tinuous circular coat — but slightly thinner — on to the 
alveolar ducts or infundibula, in their whole extent, 
but not beyond them, i.e., not on to the air-cells. 

(c) The adventitia of elastic networks is con- 
tinued on the infundibula, and thence on the air- 
cells, where it forms an essential part of the wall 
of the alveoli, being its framework. 

Amongst the network of elastic fibres foraiiu^ 
the wall o£ the alveoli ib a nfiWoxY 0I \>rc'^xv^'^^ 
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coniiBctit'e tissue cells, coatnined as usual in similarly 
BJmped brunohed lucunie, wliich are tlie rudicles of 
tiie lymphatic vesaels. 

2U4. The blood-vessels nnd lyiHphatlc».- 

The braiiL:he8 of tiie pulmonary artery and v 




ng.lSE.-KetnorkBof Capilli 
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^^^H 4X>ntained within the connective tissue aeparating the 
^^K^ lobes and lobules, whence they can be tfaced into 
I their finer ramifications towards the infiindibula and 

air-c^la. Each of these latter is surrounded by a sort 
L ot fiasiet-shuped dense network of capillary blood- 

L^ vesaela (Fig. 152). The capiWtytietwot'tottlaiiaceQt 
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alveoli are continuous with one another, and stand in 
communication on the one hand with a branch of the 
pulmonary artery, and on the other with branches of 
the pulmonary vein. The branches of the bronchial 
artery belong to the bronchial walls, which are supplied 
by them with capillary networks. 

.The lacunae and canaliculi in the wall of the alveoli, 
mentioned above, are the rootlets of lymphatic vessels, 
which accompany the pulmonary vessels, and form a 
network around them ; these are the deep lymphatics, 
or the perivascula/r lymphatics. They are connected 
also with the networks of lymphatics surrounding the 
bronchi, ^.6., the peribronchial lymphatics. The root- 
lets of the superficial air-cells empty themselves into 
the sub-pleural plexus of lymphatics, a rich plexus of 
large lymphatics with valves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparent epithelial 
cells lining the alveoli are minute openings, stomata 
(Fig. 151), leading from the cavity of the air-cells into 
the lymph lacunae of tjie alveolar walL These stomata 
are more distinct during expansion, t.e., inspiration, 
than in the collapsed state. Inspiration, by its ex- 
panding the lungs, and consequently also the lym- 
phatics, favours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of the lining epithelium, formed particles 
— such as soot particles of a smoky atmosphere, 
pigriient artificially inhaled, cellular elements, such 
as mucous or pus corpuscles, that have been car- 
ried into the alveoli from the bronchi by normal 
inspiration, bacteria, &c., find their way into the 
radicles of the lymphatics ; thence into the peri- 
vascular and sub-pleural lymphatics, and finally into 
the bronchial glands. 



CHAPTER XXIX. 

THE SPLEEN. 

296 The capsule enveloping the spleen la a 
seroua membrane — the pentououm It is a comiectiTe 
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deep part of the capsule contains bundles of non-gfriped 
nus dar I ssue form n" plexuse In man the bundles 
are rclat velv tl n but some mammals — e g 

dog p g borso — tbe^ are cont nuoua masses arranged 
somet mes as a deep longitud nal and a superbc al 
c r la lave 

In connect on w th the caps Je are the trahecuUe 
{Pg 153) Thesearen c oscoj cal th kerorthnner 
cy] ndr cal bands bran h ng and anastomos ng and 
thu<) mak ng a fram wo k m wb b the I ss e ol 
tl e *ipleen s conta ned. Towards h h lum the 
trabecwlie are larger and tl ey f o m the e a cont n ty 
w th the onnect e t ssue of the h lum They are 
the camera of the lai^e vascular b anches. The 
t alw Ue n tl e 1 uman spleen cons st cl efly of 
hb ons t S3 e w th an adm xt re of lonc^ ud nal non 
u et ped Jiiua ular 
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pronounced 

the dog ho ae 




the trabe 
culse are ch efly 
composed of non 
Btnped muscular 

Follow ng 
trabecula 



wb ch ult mately lose tl emsel es amongst the elemen s 
of that part of the spleen tissue called spleen pulp 
(Fig. 154}. 

TliP meshes of the network of the trabecule, axe. 
filled up with the parenchyma. IV^a cotlSiA'* 'A 'v«<> 
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kinds of tissues : (a) the MaJpighian corpuscles ; and 
(6) the pulp tissue. 

297. The Jflalpig^liiaii corpuscles are masses 
of adenoid tissue connected with the branches of the 
splenic artery. Following the chief arterial trunks as 
they pass in the big trabeculsB towards the interior 
of the spleen, they are seen to give off numerous 
smaller branches to the spleen parenchyma ; these are 
ensheathed in niasses of admoid tissue which are 
either cylindrical or irregularly-shaped, and in some 
places form oval or spherical enlargements. These 
sheaths of adenoid tissue are traceable to the end of 
an arterial branch ; and in the whole extent the 
adenoid tissue or Malpighian corpuscle is supplied by 
its artery with a network of capillary blood-vessels. 

298. Tlie rest of the spleen parenchyma is made up 
of the pulp. The matrix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flattened, endotheloid 
cells, each with an oval nucleus. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diameters, some not larger than a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph corpuscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpuscles, 
and, on the other, they open into the venous radicles 
or sinuses (Fig. 155), which are oblong spaces lined 
with a layer of more or less polyhedral endothelial cells. 
These sinuses form networks, and lead into the large 
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la hranchea passing in the tig trabecube to the 
L The venouB sinuses in man and ape possess a 
l1 aJventitia formed of ciiculai elHStn, fabnls 
Hot all artciiul brancl es are ensheathed in 
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Malpighian corpuscles ; some few fine arterial branches 
open directly into the spaoea of the pulp matrix, being 
invested iu a peculiar reticular or conceutrieally ai^ 
ranged cellular tissue (not adenoid). These are the 
capillary sheaths of Schweiggnr SeideL 
_ 299. The blood passes thou from the arterial 
^^■nches through the capillaries of the Malpighian. 
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corpuscles, whence it travels into the labyrinth of 
minute spaces in the honeycombed . pulp matrix ; 
thence it passes into the venous sinuses, and Unally 
into the venous trunks. The current of blood on ite - 
passage through the pulp tissue becomes, therefore, 
greatly retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destroyer of 
red blood-corpuscles. 

The pulp tissue is most probably the birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
coipuscles. 

The lympJiatica form plexuses in the capsule 
(Tomsa, Kyber). These are continuous with the plexus 
of lymphatics of the trabeculse j and these again with 
the plexus of lymphatics in the adventitia of the 
arterial trunks. 

Norir^iedullated nerve-fibres have been traced along 
the arterial branches. 



CHAPTER XXX. 

THE KIDNEY, URETER, AND BLADDER. 

300. A. The Uramework. 

The kidney possesses a thin investing capsule com- 
posed oi fibrous tissue, more or less of a lamellar 
Arrangement Bundles oi fibxoxxa tSasvxfe ^^b«s^ ^vtJbi 
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blood-vessels betweeu the deeper part of the capsule 
and the parenchyma of the periphery. According 
to Eberth, a plexus of non-striped muscle cells is 
situated underneath the capsule. 

The ureter entering the hilum enlarges into the 
pelvis of the kidney, and with its minor recesses or 
prolongations forms the calicos. Both the pelvis and 
the calices are limited by a wall which is a direct con- 
tinuation of the ureter. The internal free surface is 
lined with stratified transitional .epithelium. Under- 
neath the epithelium is a fibrous connective tissue 
membrane (the mucosa), containing the networks of 
capillary blood-vessels and fine nerve-fibres. Outside 
the mucosa and. insensibly passing into it is the 
loose-textured submucosa, with groups of fat cells. 
There are present in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
ureter, in the shape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a single 
layer of columnar epithelial cells, have been observed 
by Paladino, Sertoli, and Egli. The last-named 
mentions also that in the pelvis of the human kidney 
there are gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the calices into the parenchyma of the 
kidney between the cortex and medulla, and they are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudinal bundles of non« 
striped muscular tissue. 

In the parench3rma there is a very scanty 
fibrous connective tissue, chiefly around the Mal- 
pighian corpuscles and around the arterial vessels, 
especially in the young kidney. . In the papillse the.^^ 
is relatively a great amount oi ^to\5& \itfaxvft. ^^. 
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the surRicti of the papniie (faoing the catices) there 
is a coutiuuous Inyer of libruus tisane, aud this 
its free surface ia covered with stratilied transitiont 
epithelium. 

The jMireiiGhyTiia of the kidney consists entirely o 
the urinary tuhules and the intertubiilar blood- vessels^ 
and theve is an interstitial or inteitiibular connectivftj 
tissue framework in the shape of honeycombed hyalinoj 
membranes with flattened nncleated branched 
spindle-shaped cells. . The meshes of the lioneycomb^ 
are the spaces for the urinary tubules and blood-fl 
vessels. 

303. B. The pareaclij'inH. — 1. The urina/r^M 
tuirules (Fig. 156). — In a transverse or longitudinal* 
section through tiie kidney we notice the cortex, the^ 
boundary layer of Ludwig and the papillary porUona, 
the last terminating in the conical papilltE in the cavity ^ 
of the calicea. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary ' 
portion and boundary layer, continuous with it, con- 
stitute a Malpighiaii piframid. The relative propor- 
tion of the thickness of the three parts is about 3'5 
cortex, 2'5 boundary layer, and 4 papillary portion, 

303. The cortex contains vast numbers of con- 
voluted tubules with theiv ciecal origin in the Mat.f 
pighian corpuscles ; this is the labyrinth separated ii 
numerous divisions of equal breadth by regularly d 
posed straight strice orig:inating a short distance f 
the outer capsule, and i-adiating towards the bounds 
layer through which they pass. Each of these strii 
is a bundle of straight tubules, and represents I 
ididlary ray. The boundary layer shows a unifon 
vertical striation, in which opaque and transpare 
atriie alternate with one another. The opaque stnd| 

continuations of the medullaiy rays, the trausps 
BtrisE are bundles of blood-vessels. 
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The papillary portion is uniformly and vertically 
striated. 

Tracing a medullary ray from the boundary layer 
into the cortex, it is seen that its breadth gradually 
diminishes, and it altogether ceases at a short distance 
from the outer capsule. ^ medullary ray is, con- 
sequently, of a conical shape, its apex being situated 
at the periphery of the cortex, its base in the 
boundary layer. Such a pyramid is called a pyramid 
of Ferrein, 

304. All urinary tubules commence as convoluted 
tubules in the part of the cortex named the 
labyrinth, but not in the medullary rays, with a 
csecal enlargement called a Malpighian corpuscle, and 
terminate — having previously joined with many other 
tubules into larger and larger ducts — at one of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes several times alter 
their size and nature. 

From its start to its end there is a continuous 
fine memhrana propria forming the boundary wall 
of the urinary tubule, and this membrana propria is 
lined with a single layer of epithelial cells differing in 
size, shape, and structure &om place to place; in 
the centre of the tubule is a lumen, differing in size 
according to the size of the tubule. 

305. (1) Each Malpighian corpuscle (Fig. 157) 
is composed of the capsule — ^the capsule of Bowman — 
and the ghmeruhis, or Malpighian tuft of capillary 
blood-vessels. 



A, Cortex limited on its free surface by the capnule ; a, aubcapfular layer not 
containing Malpigbian corpuBcIea : a', inner stratum of cortex witbout 
Malpigbian corpuscles; b, boundary layer; o, papillary part next tbe 
boundary layer ; 1, Bowman's capsule : 2, neck of capsule ; S, proximal con- 
voluted tube : 4. spiral part ; 6, descending limb of Henle's loop-tube ; fi, 
tbe loop itself : 7, 8, and 9, the ascending limb of Henle's loop-tube ; 10, tti^ 
irregular tubule ; ll, tbe distal convoluted tubule ; IS. tbe first part of the 
eollecttng tube ; 18 and U, larger collecting tube ; in tbe papilla itself, not 
represented bere, the coUecung tube V>v(v% QX.\ifi>t%, «xLd forms tbe daet. 
Utlaa.} 
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The capsule of Bowman is a hyaline menibrana 
propria, Bupported, as mentioned above, by a small 
amount of connective tissue. On its inner snrfnce 
there is a continuous layer of nucleated epithelial 







iflandtmoli.) 



cells, in the young state of polyhedral shape, in the 
adult state squamous. 

The glonierulus is a network of convoluted 
capillary blood-vessels, separated from one anotlier 
by scanty connective tissue, chiefly in the shape 
of a few connective tissue corpuscles. The cajiil- 
lariea are grouped together in two to five lobules. 
The whole surface of the glomerulus is lined with 
a delicate meinbrana propria, and & caatin.>]LW)& \i^'j%i 
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of nucleated epithelial cells, polyhedral, or even 
columnar in the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomerulus, and 
represent in reality the visceral layer of the capsule 
of the Malpighian corpuscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an afferent and efferent arterial vessel, 
the former being the larger of the two. 

Between Bowman's capsule and the glomerulus 
there is a space, the size of which differs according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present. 

The Malpighian corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsule, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the periphery the smallest; in 
the human kidney their mpan diameter is about -^^ 
of an inch. 

306. (2) On the side opposite to that where the 
afferent and efferent arterioles join the glomerulus, 
the capsule of Bowman passes through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the membrana propria and epithelium, of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tubule. 

307. (3) After it has passed the neck^ the urinary 
tubule becomes convoluted ; this is the proximal con- 
voluted tubule (Fig. 158). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
jumen, and its epithelium is a single layer of polyhedral 

or short, columnar, angv\\ar, or cluV^Jaaijed cells, each 



Chap. XXX.] Kidney, Ureter, 



with a spherical nucleus These cells commence gene 
rally at the neck but in some animals — eg m the 
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mouse — they already have begun in ttie 'K.^X^S^^Kiam. 
corpuade. The outer pert oi tke ceW ptoUi^VBaKi.— ^-ft- 
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next the membrana propria — \& distinctly striated, 
owing to the presence of rod-shaped fibrils (Heiden- 
hain) vertically arranged. The inner part of the cell 
substance — i.e., between the nucleus and the inner 
free margin — appears granular. Epithelial cells the 
protoplasm of which possesses the above rod-shaped 
fibrils, will in the following paragraphs be spoken of 
as fibrillated cells. 

The proximal convoluted tube appears sometimes 
thicker than at other times ; in the first case, its 
lumen is smaller, but its lining epithelial cells are 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (4) The convoluted tube passes into the 
spiral tvhule (Schachowa). This differs firom the 
former in being situated not in the labyrinth, but in 
a medullary ray, in which it forms one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiral. Its thickness 
and lumen are the same as in the former ; its 
epithelium is a single layer of polyhedral cells, with 
distinct indication of fibrillation. 

309. (5) Precisely at the line where the cortex 
joins the boundary layer, the spiral tube becomes 
suddenly greatly reduced in thickness j it becomes at 
the same time very transparent; its lumen is distinct; 
its membrana propria is now lined with a single 
layer of scales, each with an oval flattened nucleus. 
This altered tubule is the descending loojy-tvhe of 
Henle, and it pursues its course in the boundary 
layer as a straight tubule, in the continuation of the 
medullary ray. 

In aspect and size this part of the urinary 
tubule resembles a capillary blood-vessel, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 
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31t). (6) The so constituted descending Henle's 
loop-tube passes the line between the boundary layer 
and papillary portion, and having entered this 
latter pursues its course for a short distance, when 
it sharply bends backwards as the loop of Henle's 
tube ; it now runs back towards the boundary layer, 
and precisely at the point of entering this becomes 
suddenly enlarged. Up to this point the structure 
and size of the loop are exactly the same as those of 
the descending limb. 

311. (7 and 8) Having entered the boundary layer 
it pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ray as the ascending hop-tube. Besides being bigger 
than the descending limb and the loop, its lumen 
is comparatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly fibnllated 
epithelial cells. The tube is not quite of the same 
thickness all along the boundary layer, but is broader 
in the inner than in the outer half; besides, the tube 
is not quite straight^ but slightly wavy or even 
spiral. 

(9) Having reached the cortex, it enters this as the 
cortical paH of the ascending loop-tube, forming one 
of the tubes of a medullary ray; it is at the same 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute, its lining cells are flat polyhedral with a 
small flattened nucleus, and there is an indication of 
fibrillation (Fig. 158). 

(10) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convoluted 
tubes as an angular irregula/r tvhuU (Fig. 158;. Its 
shape is very irregular, its size alters from place 
t<o place, its lumen is very minute, its epithelium a 
layer of polyhedi'al, pyramidal, or short columnar cells 
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— according to the thickness of the tube; each cell 
possesses a flattened oval nucleus next to the lumen, 
and a very coarsely and conspicuously fibrillated pro- 
toplasm. 

312. (11) This irregular tubule passes into the 
distal convoluted tvhvle or intercalated tubule of 
Schweigger SeideL This forms one of the convoluted 
tubes of the labyrinth, and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(12) The distal convoluted tube passes into a 
short, thin, more or less curved or wavy collecting 
tribute, lined with a layer of transparent, flattened, 
polyhedral cells ; this is still contained in the laby- 
rinth. 

(13) This leads into a somewhat larger straight 
collecting tube, lined with a layer of transparent poly- 
hedral cells and with distinct lumen. This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(14) It then passes unaltered as a straight collect- 
ing tube through the boundary layer into the papillary 
portion. 

313. In this part these tubes join under acute 
angles, thereby gradually enlarging. They run in a 
straight direction towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become These are the ducts or tubes of Bellini 
They finally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — ^viz., whether 
more 6r less columnar — are in direct relation to the size 
of the collecting tube. The substance of the epi- 
thelial cells is a transparent protoplasm, and the 
nucleus is more or less oval. 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the mombrana 
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propria of the tubule between the lining epithelium; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epithelium next 
the lumen. In the frog, the epithelium lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinary tubule, are possessed of long filamentous 
cilia, rapidly moving during life. In the neck of 
some of the urinary tubules in mammals there is 
also an indication of cilia to be noticed. 

Heidenhain has shown that indigo- sulphate of 
sodium, injected into the circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — ^viz., those which are lined 
with " fibrillated" epithelium. He maintains that 
-this excretion is effected through the cell sub- 
stance ; but, in the case of carmine being used as 
pigment, I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeneous interstitial or cement sub- 
stance between the epithelial cells. 

315. II. The bloodvessels (Fig. 159). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma coiTesponding to the junction of 
the cortex and boundary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which singly enter tlie 
labyrinth in a direction vertical to the surface of the 
kidney. These are the irUerlobula/r arteries^ Each of 
these, on its way towards the external capsule of the 
kidney, gives off, on all sides of its circumference, 
shorter or longer lateral branches; these are the 
afferent a/rtei'ioles for the Malpighian corpuscles^ qaj^Vs. 
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one entering a Malpighian 
corpttBcle and breaking up 
into the ct^tillariea of the 
glomerulus. 

On their way towards 
the external capsule, the 
arteries become greatly re- 
duced in aize, and finally 
enter the capillary network 
of the moat peripheral part 
of the cortex ; but some of 

■gj, these arterioles may be also 
traced into the outer cap- 
sule, where they become 
connected with the capillary 

PT networks of this latter. The 
efferent vessel of a Mal- 
pighian glomerulus at once 
breaks up into a dense 
network of capillary blood- 
vessels, which surround in 
all directions the urinary 
w tubules of the labyrinth. 
This network is continuous 
with that of the capillaries 
of the medullary rays, the 
meshes being here elong- 
ated, and the capillary 
blood-vessels, for obvious 
reasons, more of a straight 
arrangement. The capil- 
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laries of the wtole cortex form one continuous 
network. 

316. The veins which take up the blood from this 
network are arranged in this manner : — There are 
formed venous vessels underneath the external 
capsule, taking up like rays on all sides, minute 
radicles connected with the capillaries of the most 
peripheral part of the cortex. These are the vence, 
atellatae ; they pass into the labyrinth of the 
cortex, where they follow a vertical course in 
company with the interlobular arteries. On this 
passage they communicate with the capillaries of 
the labyrinth, and ultimately open into the large 
venous branches situated between cortex and boun- 
dary layer. 

317. (2) In the medulla. From the large arterial 
trunks short branches come off, which enter the 
boundary layer, and there split up into a bundle 
of miu\ite arterioles, which pass in a straight direc- 
tion vertically through the boundary layer into the 
papillary portion. These are the arterice rectoa 
(Fig. 159). The number of vessels of each bundle 
is at the outset increased by the efferent vessel of 
the Malpighian corpuscles nearest to the boundary 
layer. 

On their way through the boundary layer, and 
through the papillary portion of the medulla, 
these arterioles give off the capillary network for 
the urinary tubules of these parts, the network, 
for obvious reasons, possessing an elongated arrange- 
ment. 

From this network originate everywhere minute 
veins, which on their way towards the cortical margin 
increase in size and number ; they form also bundles 
of straight vessels — vence rectce — and ultimately enter 
the venous trunks situated between the boundary 
layer and cortex. 
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Th^ hundles of the arteri» recite &nd venie 
recta form severally, in the boundary layer, the 
transparent striie mentioned on a pi'evioua page as 
alternating with the opaque strisB, these latter being 
buniles of nrinary tubulea. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney containB a 
network of capillary blood-vessels ; the arterial 
branches leading into them are derived from two 
sources ; (a) from the outnmnera of the interlohular 
arteries of the cortex, and (6) from extrarenal arteries. 
The veins lead (a) into the venie stellattB, and ifi) into 
extiarenal veins. 

The Jymp/ui^ic vessels form a plexus in the capsule 
of the kidney. They are connected with lymph 
spaces between the nrinary tubes of the cortex. 
The large blood-vesBels are Burrounded by a plexus of 
lymphatics, which take up lymph spaces between the 
uriniiry tubules, both in tjie cortex and the boundary 
layer. 

;U9. The ureter is lined with stratified transi- 
tionil epithelium. Underneath this is the mucosa, 
a ccnnective tissue membrane with capillary blood- 
vessels. The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal and a middle circular coat. Thea 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with the nerve branches. 

320. The bladder is Birailar in structure, but the 
inucoua membrane and muscular coat are very much 
thicker. In the latter, which consists of non-striped 
fibres, can be distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
Jaat ia best developed in the iatvivia. 
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Numerous sympathetic ganglia, of yarious sizes, 
are found in connection with the nerve branches un- 
derneath the adventitia (peritoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
the bladder is stratified transitional, and it greatly 
xaries in the shape of its cells and their stratification, 
according to the state of expansion of the bladder. 



CHAPTER XXXI. 

THE MALE GENITAL ORGANS. 

321. (1) The testis of man and mammals is en- 
veloped in a capsule of white fibrous tissue, the tunica 
adnata. This is the visceral layer of the tunica 
vaginalis. Like the parietal layer, it is a serous 
membrane, and is therefore covered with endo- 
thelium. Minute villi are occasicJnallj seen pro- 
jecting from this membrane into the cavity of 
the tunica vaginalis. These viUi are generally 
covered with germinating endothelium (se 3 par. 33). 
Inside the tunica adnata, and firmlv attached to 
it, is the tunica albuginea, a fibrous connective 
tissue membrane of lamellar structure. Towards 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special accumu- 
lation — in cross section more or less conical, with 
posterior basis — the mediastinum testis, or corpus 
Highmori. 

Between the tunica adnata and tunica albuginea 
is a rich plexus of lymphatics, which, on the one hand^ 
takes up the lyrxiphatics of the intenoT, «ltv^ ^^ '^'^ 

R—1 
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other leads into the efferent vessels that accompa 
the vafi deferens. 

The testis of the dog, cat, bull, pig, rabbit, <Ji 

"'' ' ' J, 



Fig 160 —Passage of Coav. 



1 



a 



have a centi-al corpus Highmori that of the mt 
hedgehog and bat & peripheral one while that 
the rat and mouse have none (Messing) 
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322. The framework. — From the anterior 
margin of the corpus Highmori spring numerous 
se[>ta of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of more or less conical compartments, or 
lobules, the basis of which is situated at the tunica 
albuginea, the apex at the corpus HighmorL Kolliker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellae 
pass into the com})artments, and they form the sup- 
porting tissue for the blood-vessels, and also represent 
the interstitial connective tissue between the seminal 
tubules. 

This intertubular or insterstitial tissue is distinctly* 
lamellated, the lamellae being of differeat thicknesses, 
and consistinor of thin bundles of fibrous connective 
tissue — arranged more or less as fenestrated mem- 
branes — and endotheloid connective plates on their 
surface. Between the lamellae are left spaces, and 
these form, through the fenestrae or holes of the 
lamellae, an intercommunicating system of lymph 
spaces — being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellae are found peculiar cells, 
which are much larger than lymph-cells, and which, 
in some instances (e.^., guinea-pig), include pigment 
granules. They contain a spherical nucleus. In man, 
dog, cat, sheep, especially in the boar, these cells form 
large, continuous groups — plates and cylinders — and 
the cells are polyhedral, and exactly similar to epithe- 
lial cells. They are separated from one another within 
the group by a thin interstitial cement-substance. 
Their resemblance with epithelium is complete. They 
are remnants of the epithelial masses of the Wolffian 
body of the f(etus. 
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323 The seminal Inbules (Fig 161) . — 
Within each compartment, above mentioned, lie 
numerous aeminal tvhules, twisted and convoluted 
in many ways, and extending from the periphery to 
near the corpus HighmorL The tubules, as a rul^. 




\i:o 



m oF parta of three Semi 



ace rarely branched ; but in the young state, and 
especially towards the periphery, branching is not un- 



Each seminal tubule consists of a merabrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
bmna propria is a hyaline membrane, with oval nuclei 
at regular intervals. In man it is thick and lainel- 
lated, several eucli nucleated mcnA)Tii.-ne6 Wmt^ %"i^r- 
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imposed over one another. The lumen is in all tubes 
distinct and relatively large. The lining epithelium, 
or the seminal cellsy differ in the adult in different 
tubules, and even in different parts of the same tubule, 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyhedral epithelial cells, each with a spherical 
nucleus. After puberty, however, the following 
different types can be distinguished. 

(a) Tubules or parts of tubules similar to those 
of the young state — viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as (a) the outer and (b) the inner 
seminal cells. The former are next to the membrana 
propria ; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of karyomitosis or indirect division (see par. 8) ; 
others include an oval transparent nucleus. The 
inner seminal cells generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a moie 
rounded appearance. Between these a nucleated reti- 
culum of tine fibres is sometimes noticed, the germ 
reticulum of von Ebner. But this is merely a support' 
ing tissue, and has nothing to do with the germina- 
tion of the cells or the spermatozoa (Merkel). The 
inner seminal cells show very abundantly the process 
of indirect division of the nucleus, almost all being 
seen in one or other phase of it. 

325. The division of the inner seminal cells yields 
numerous small spherical cells ; these lie nearest the 
lumen, and are very loosely connected with one 
another. It is these which are transformed into sper- 
matoza, and hence are appropriately called spermato- 
blasts (Fig. 162). 

Amongst the seminal cells, es^^^V-a)^^ <A c»i^ ^^^^ 
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dog, are found occasionally, but not very oommonly, 
large mnltinuclear cells, the nuclei of which are also 
in one or the other stage of karyomitOHia. 

(b) The inneimost cells m the spermatoblasta, 
become 2>ear shaped the nucleus being situat«d at the 




tliiuner extremity, becoming at the same time flattened 
and homogeneous (Pig. 163). The elongation of the 
spermatoblasts gradually proceeds, and in consequence 
of this we find numerous elongatpd, club-shaped sper- 
matoblasts, each with a flattened nucleus at the thin 
em]. These are the young spermatozoa, the nucleated 
extremity being the head. 

(c) At the same time these young spermatozoa 
become grouped together ty an «iter5,V\tia.\ granular 
aabstaace, in jieculiat iaii-s\\a.^ieA gtoM.^-, \i\ 'Onew& 
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groups the head — i.e., the thin end containing the 
flattened homogeneous nucleus — is directed towards 
the inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326. The original cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form a rod-shaped middle piece 
(Schweigger Seidel) of the spermatozoa ; from the 
distal end of this, a thin long hair-like filament, exiled 
the tail, grows out. Where this joins the end of the 
middle piece, there is present, even for some time 
afterwards, a last remnant of the granular cell-body of 
the original spermatoblast. Some of the inner seminal 
cells not used for the formation of spermatozoa dis- 
integrate and yield the granular substance between the 
spermatozoa of the groups, and also between these latter. 

When the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, some 
of which are converted into spermatozoa. 

327. Spermatozoa (Fig. 163).— Fully formed 
spermatozoa of man and mammals consist of a homo-^ 
geneous flattened and slightly convex-concave head (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell-body of 
the spermatoblast), and a long hair-like tail. While 
living, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagellum or 
cilium ; its movements are spiral 

In the newt there is a tine spiral thread attached 
to the end of the long, curved, spike-like head, and b^ 
a hyaline membrane it is fix.ed to t\\^ vcai^'^^ ^y^^^^ \ *^. 
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extends beyond this as the tati. Also in the mam- 
malian and human spermatozoa, a similar spiral thread, 
closely attached to the middle piece, and terminating 
as the tail, has been observed (H. Gibbes). 

328. The seminal tubules of each lobule pass iiito a 
short straight tubule, the vols rectum. This is nsrrower 




Fig. 163.^yaxioas kinds of Spermatozoa. 

A, Bpermatoznon of guinea-pig not yet completely ripe ; b, the same seen sid 
Vays, the head of the Bpermatozoon is flattened from side To side ; o. 
spermatozoon of the hurse ; d. a spermatozoon of the newt. 



side- 

s 



>i)i 



than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules ; 
this network of channels is the rete testis. 

329. (2) The epididymifs— From the rete testis 
"ve pass into the vasa eferentia, each being a tube 



p. XXX!.] Th£ Male Genital Organs. 



36s 



wider tliau those of the rete testis, and each leading into 
a conical network of coiled tubes. These are the com 
vaacfUon The sum total of all the com vasculosi 
forms the globuB major or head of the epididymis 

330 The vasa efferentia and the tubes oE tlie 
com vasculoE! are about the size of the seminal 
tubules, but, unlike them are lined with a ^ave^ of 
beautiful columnar epithelial cells, with a bundle of 
cilia (Fig 164^) Outbide 
these IB generally a layer, 
more or less continuous of 
small polyhedral cells. The 
substance of the columnar 
cella IS distinctly longitudi 
nally fibnllated The mem 
brana propria is thickened 
by the presence of a cii 
cular layer of non stnped 
muscular fibres The rest 
1 e , the globus ramor or 
tail of the epididymis, la 
made up of a continuation 
of the tubes ot the globus 
major the tubes diminish 
ing gradually m number by 
fusion and thereby at the w 

The columnar e])itheha1 cells facing the lumen of the 
tubes of the globus mmor are possessed of cilia of 
unusual length 

The tubei of the epididymis are separated from 
one another by a larger amount of connective tissuo 
than those of the testis 

The tubes of the organ of Girald^ situated m 
the beginning of the fimiculus epermaticu'j, are lined 
with columnar ciliated epithehum So is also the 
pedunculated hydatid of Moigagni attached to tUo 
globus major 
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e tiQie becoming larger 
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331. The seminal tubules and the tubes of the 
epididymis are surrounded by a rich network of 
capillary blood-vessels. Between the tubes of the 
testis and epididymis are lymph spaces, forming au 
intercommunicating system, and emptying themselves 
into the superficial networks of lymphatics, t.e., those 
of the albuginea ; the arrangement of these networks 
is somewhat different in the testis and epididymis. 

332. (3) Tas deferens and vefsiculse semi- 
nales. — ^The tubes of the globus minor open into the 
vas deferens. This is of course much larger than 
the former, and is lined with stratified columnar 
epithelium. Underneath this is a dense connective 
tissue mucosa, containing a rich network of capillary 
blood-vessels. Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
velo[>ed than in other parts, and therefore allows the 
mucous membrane to become folded. Outside the sub- 
mucous tissue is the muscular coat, which consists of 
non-striped muscular tissue, arranged as an inner 
circular and an outer longitudinal sti-atum. At the 
commencement of the vas deferens there is in addition 
an inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the cr&master 
internics (Heiile). A rich plexus of veins — plexus 
pampiniformis — and a rich plexus of lymphatic trunks, 
are situated in the connective tissue of the spermatic 
cord. The plexus spermaticus consists of larger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion cells and also large ganglionic 
swellings. 

333. In the ve8icul<je seminales we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 

ciaJly to the mucosa and t\v^ m\iscular coat The 
former is placed in nuTnexoxia ioVds. TVi^\^\XKst ^sssob 
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Bists of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of the adventitia are very numerous, 

334. In the clTictics ejaculatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epithelium. 

335. (4) The profstate g^land. — Like other 
glands, the. prostate consists of a framework and the 
gland tissue proper or the parenchyma. 

The framework, unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
is chiefly limited to the outer capsule and the thin 
8epta passing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
gland alveolL 

336. The parenchyma consists of the chief ducts, 
which open at the base of and near the colliculus 
seminalis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveoli. 
These are longer or shorter, wavy or convoluted 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are limited by a 
membrana propria, have a distinct luipen, and are 
lined with columnar epithelium. In the alveoli there 
is only a single layer of beautiful columnar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of 
small cubical, polyhedral or spindlo-sK'A.^^d o^^V^'^. 

At the mouth of the ducis tVie atvatXlCi^i^ ^^nwsw^qX. 
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epithelium of the pars prostatica of the uretlira 
passes a short distance into the duct. 

The alveoli are surrounded by dense networks of 
capillary blood-vessels. 

In the peripheral portion of the gland numerous 
ganglia are interposed in the rich plexus of nerves. 
Also Pacinian corpuscles are to be met with. 

337. (5) The urethra. — The mucous membrane 
' of the male urethra is lined with simple columnar 

epithelium, except at the commencement — ^the pars 
prostatica — and at the end — the fossa navicularis — 
where it is stratified pavement e})ithelium. 

The mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and pars membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, where they follow a longitudinal course between 
large veins arranged in a longitudinal plexus. These 
veins empty themselves infco small efferent veins. This 
plexus of large veins with the muscular tissue between 
represents a rudiment of a cavernous tissue (Henle). 

The mucous membrane forms peculiar folds sur- 
rounding the lacuna} Morgagni. There are small mucous 
glands, lined with columnar epithelium, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littr^'s glands. 

338. (6) The glands of Cowper. — Each gland 
of Cowper is a large compound tubular gland, which, 
as regards structure of ducts and alveoli, resembles a 
mucous gland. The wall of the chief ducts possesses 

J?' a large amount of longitudinally-arranged non-striped 

muscular tissue. The epithelium lining the ducts ia 

composed of columnaT ceWa. Tc\^ alveoli possess a 

iar^e lumen and axe Yuie^ >n\\)cl ^O^xxtox^t \s2i\&s}:m 
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cells, tbe outer portion of the cell being distinctly 
striated (Langerbans). In the ceU the reticulum is 
also distinct. In this respect the alveoli completely 
resemble those of the snb-maxillarj of the dog, but 
there are no real ci-escents in the alveoli of Cowper's 
gland. 

339. (7) The corpus spoiii^iosiiin. — The cor- 
pus spongiosum of the urethra is a continuation of 
the rudimentary corpus cavemosum above-mentioned 
in connection with the pars membranacea of the 
urethra. It is essentially a plexus of large veins 
arranged chiefly longitudinally and leading into small 
efferent veins. Between the large veins are bundles 
of non-striped muscular tissue. The capillary blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus sp)ongiosum, including the bulbus urethr®, 
shows, however, numerous venous sinuses, real caver- 
nae, into which open capillary blood-vessels. 

340. The §^lans penis is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a delicate fibrous tissue membmne^ 
which on its free surface bears minute papillae, 
extending into the stratified pavement epithelium. At 
the corona glandis exist small sebaceous follicles, the 
glands of Tyson; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillae of the glans contain loops of capillary blood- 
vessels. Plexuses of non-medullated nerve-fibres are 
found underneath the epithelium of the surface of 
the glans. With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis. — Each 
corpus cavemosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellae of fibrous con- 
nective tissua Numerous Pacimaii Q«r^\vsjc^^'^ ^»x^ 
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met -with around it. The matrix of the corpus 
cavemosum consists of trabeculae of fibrous tissue, 
between which pass bundles of non-striped muscular 
tissue all in difierent directions. Innumerable 
cavemae or sinuses, intercommunicating with one 
another, are present in this matrix, capable of such 
considerable repletion, that in the maximum degree 
of this state the sinuses are almost in contact, 
and the trabeculae compressed into very delicate 
septa. The sinuses are lined with a single layer of 
flattened endothelial plates, and their wall in many 
places is strengthened by the bundles of non-striped 
muscular tissue. The sinuses during erection become 
filled with blood, being directly continuous with capil- 
lary blood-vessels. These are derived from the arte- 
rial branches which take their course in the above 
trabeculae of the matrix. The blood passes from the 
sinuses into small efierent veins. But the blood 
passes also directly from the capillaries into the 
efierent veins, and this is the course the blood takes 
under passive conditions, while during erection it 
passes chiefiy into the above sinuses. 

342. In the peripheral part of the corpus caver- 
nosum there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the rest 
the arteries do not directly communicate with the 
sinuses except through the capillary blood-vessels. 
In the passive state of the corpus cavemosum, the 
muscular trabeculae forming part of the matrix are 
contracted, and the minute arterial branches embedded 
in them are therefore much coiled up ; these are the 
arteriae helicinae. 



CHAPTER XXXTI. 

THE FEMALE GENITAL ORGANS. 

343. (l)THEOvary(Fig. 16S.)— Intheovaiy, as 
in other glands, the fra newo k 'a to be distinguieheii 
fr D t . J. en 

c yn a. In the part 
of the o ary next 
to ) e h lum he e i*' 
ouab tod ^*^ 




b ood aels, and 

the bundles of non- _ _ „ „ 

. striped mnscular 
tissue — are traceable into the parenchyma. The atroma 
of this latter, however, is made uf Qi\»ui&e% <:Il ^£&snX!« 
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or longer transpai'ent spindle-shaped cells, each with an 
oval nucleus. These bundles of spindle-shaped cells 
form, by crossing and interlacing, a tolerably dense 
tissue, in which lie embedded in special distribution 
the Graafian follicles. Around the larger examples of 
the latter the spindle-shaped cells form more or less 
concentric layers. In the human ovary bundles of 
fibrous tissue are also met with. 

The spindle-shaped cells are most probably a 
young state of connective tissue. 

Between these bundles of spindle-shaped ceDs 
occur cylindrical or irregular streaks or groups of 
polyhedral cells, each with a spherical nucleus \ they 
correspond to the interstitial epithelial cells men- 
tioned in the testis, and they are also derived from 
the foetal WolflSan body. 

344. According to the distribution of the Graafian 
follicles, the following layers can be distinguished in 
the ovary : — 

(a) The alhuginecL This is the most peripheral 
layer not containing any Graafian follicles. It is 
composed of the bundles of spindle-shaped cells, inti- 
mately interwoven. In man, an outer and inner 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longitudinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of the albuginea is covered with 
a single layer of polyhedral, or short columnar granu- 
lar-looking epithelial cells, the germinal epitheliv/m 
(Waldeyer). This epithelium, in its shape and aspect) 
forms a marked contrast to the transparent, flattened, 
endothelial plates covering the ligamentum latum. 

346. (h) The cortical layer (Schron). This is a 

layer containing the smallest Graafian follicles, either 

fl^^egated as a more or less continuous layer (cat and 

rubbit), or in small grou\>a Qxvm\«£v^, ^e^^ix^^d by the 
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stronia. These follicles are sjjherical or slightly oval, 
of ahout TTj'otr ^^*^ in diameter, and each of them is limi- 
ted by a delicate niemhrwuia propria. Inside of this is 
a lay^r of flfttt«ned, transparent, epitlielial cells, each 
livitli an oval, flattened nucleus; this is the mem- 
brana granulosa. The sijace within the follicle is 
occupied by, and filled up with, a spherical cell — the 
ovum cell, or ovtim. This is composed of a granular- 
looking protoplasm, and in this is a big spherical, or 
slightly oval, nucleus — the yenninal vesiclfi. The 
substance of this is either a fine I'eticulum, limited 
by a delicate membrane, with one or more nucleoli 
or geniiinal sjioU, or it is in one of the phases of 
indii'ect division or karyomitoais, thus indicating 
division of the ovum. 

346. ■ (c) From this cortical layer to the zona 
vaBCulosa we find embedded in the stroma isolated 
Graafian follicles, of various sizes, increasing from the 
former to the latter. The biggest -^ ^ 

follicles measui'e in diameter about i* • 

-^ inch. Those of the middle layers ,* , 

are of medium size (Fig. 166); In theiu J J, 

we find inside the nienibrana propiia .• ■ ' 

the menibrana granidosa, made up of a •, ^» 

single luyer of transi)ai'ent, colnmnar, *- 

epithelial cells. The ovum, larger than ^Si^k^ *„S^ 
ill the small cortical follicles, fills out oS." ' "'^ " 
the cavity of the follicle, and is ^ii^'JiS^o'iJI^ 
limited by a thin hyaline cuticle — the iSiSSiJ^ 
zona peliucula. This appears as an SlfthJi'v^ro'ioi; 
excretion of the cells of the membrana [SSStJ \!v 5 SS 
gmnulosa. The protoplasm of the ™j£'.t^liD 
ovum is fibrillated. The part sur- ^UiXtrii»^~S 
rounding the germinal vesicle is more 
transparent, and stains differently in osmic acid than 
the peripheral part. The big nucleus, or gevn\ivA.V 
vesicle, is limited by a distinct memVcanft, aa.i \aa"*-*» 

B — 1 
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this membrane is a I'eticulum with generally one big 
nucleolna or germtnal spot 

Between these mediuiu sized follicles and the 
small follicles of the cortical layer we find all inter- 
mediate degrees as regards size of the follicle and the 
ovum, and especially as regards the shape of the cells 
of the membrana granulosa, the intermediate sizes of 
follicles being 
lined by a gran- 
ulosa made up 
of a layer of 
polyhedral epi- 
thelial cella 

347. The 
deeper Graafian 
follicles, U, 
those that are 
/ ^/ to be regarded 
"- big follicles. 







sionally t^vo 



lai 



to that of 

i« gomuinHi i« conpoKii of KvetiJ the previoos fol- 

imjIli^iriiMiiiiclda l> emheflflefl tn Ihe cpltbplWI licles, except 

fai:fciei.flMed'i"'ii'ifSi(^iM*iiiiiior'(ofucu^i.'' ' that it is larger, 
and its zona pel- 
liicida thicker. The ovum does not fill out the whole 
cavity of the follicle, since at one side, between it and 
the membrana gi-anulosa, there is an albuminous fluid, 
the nidiment of the liquor foUicnlL 

348. The largest or moat advanced follicles ar« of 
great size, easily visible by the naked eye, and con- 
tain a large quantity oS thia Uc\uor foUicuIi (Fig. 167> I 
In fact, the ovum occw\iVftB oi\Vj a. smsSi ^m^- 'A tb I 
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cavity of the follicle. The ovum is big, surrounded by 
a thick zona pellucida, is situated at one side, sur- 
rounded by the discus proligerus. This consists of 
layers of polyhedral cells, except the cells immediately 
around the zona pellucida, which are columnar. The 
ovum with its discus proligerus is connected with the 
membrana granulosa. This latter consists of stratified 
pavement epithelium forming the entire lining of the 
follicle. The outermost layer of cells is columnar. 
The membrana propria of these big follicles is strength- 
ened by concentric layers of the stroma cells, and this 
represents the tunica fibrosa (Henle) or outer coat of 
the follicle — ^theca folliculi externa. Numerous blood 
capillaries connected into a network surround the big 
follicles. 

In those follicles that contain a greater or smaller 
amount of the liquor folliculi, we notice in the fluid a 
variable number of detached granulosa cells in various 
stages of vacuolation, maceration, and disintegration. 

349. In connection with the medium-sized and 
large Graafian follicles are seen occasionally smallei 
or larger solid cylindrical or irregularly-shaped out- 
growths of the membrana granulosa and membrana 
propria ; they indicate a new formation of Graafian 
follicles, some containing a new ovum. When these 
side branches become by active growth converted into 
larger follicles, they may remain in continuity with the 
parent follicle, or mav be constricted off altogether. 
In the first case, we nave one large follicle with two 
or three ova, according as a parent follicle has given 
origin to one or two new outgrowths. 

Amongst the epithelial cells constituting the strati- 
fied membrana granulosa of the ripe follicles we notice 
a nucleated reticulum. 

Many follicles reach ripeness, as far as size and 
constituent elements are concerned, long before 
puberty, and they are subject to dft^«iv«TO^v5tv\\i\:^ 
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this process of degeneration involves also follicles of 
smaller sizes. 

350. Before menstruation, generally one, occasion- 
ally two or more, of the ripe follicles become very 
hyperaemic. They grow, in consequence, very rapidly 
in size ; their liquor folliculi increases to such a degree 
that they reach the surface of the ovary ; finally — 
i.e., during menstruation — they burst at a superficial 
point ; the ovum, with its discus proligerus, is ejected, 
and brought into the abdominal ostium of the oviduct. 
The cavity of the follicle collapses, and a certain 
amount of blood, derived from the broken capillaries 
of the wall of the follicle, is effused into it. The follicle 
is converted into a corpus luteum by an active multi- 
plication of the cells of the granulosa. New capilla- 
ries with connective tissue cells derived from the theca 
folliculi externa gradually grow into the interior, i.e., 
between the cells of the granulosa. This growth 
gradually fills the follicle, except the centre ; this 
contains blood-pigment in the shape of granules, 
chiefly contained in large cells, and a few new 
blood-vessels, the blood-pigment being the remains 
of the original blood effused into the follicla 
But, ultimately, all the pigment disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery — i.e,, the greater part of the follicle 
— is made up of the hypertrophied granulosa, with 
young capillary vessels between its cells. The 
granulosa cells undergo fatty degeneration, becoming 
filled with several small fat globules, which gradually 
become confluent into a big globule. In this state the 
corpus luteum is complete, and has reached the height 
of its progressive growth. The tissue is then gradually 
absorbed, and cicatrical tissue is left. When this 
shrinks it produces a shrinking of the corpus luteum. 
This represents the last stage in the life of a 
Graafian follicle. TVie cot^u^ \\t\ft.\»Ki ot Graafian 
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follicles, of which the ovum has been impregnated, 
grows to a much larger size than under other condi- 
tions, the granulosa becoming by overgrowth much 
folded. 

351. Development of the ovary and Graa- 
fian follicles. — The germinal epithelium of the 
surface of the foetal ovary at an early stage undergoes 
rapid multiplication, in consequence of which the epi- 
thelium becomes greatly thickened. The vascular 
stroma of the ovary at the same time increases, and 
permeates the thickened germinal epithelium. The 
two tissues in fact imdergo mutual ingrowth, as is the 
case in the development of all glands — ^viz., the epithe- 
lial or glandular part suffers mutual ingrowth with 
the vascular connective tissue stroma. 

Iii the case of the ovary, larger and smaller 
Islands or nests (Balfour) of epithelial cells are thus 
gradually differentiated off from the superficial epithe- 
lium. These nests are largest in the depth, and smallest 
near the surface. They remain in connection- with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig. 168). These 
correspond to the ovarial tubes (Pfluger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfluger, Schafer). The cells constituting the nests 
undergo multiplication (by karyo mitosis), in conse- 
quence of which the nests increase in size, and even 
new nests may be constricted off from, old ones (see 
also above). 

352. At the earliest stages we notice in the 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus; these represent the 'primitive o^•a, 'V^VviecL *^5^^ 
germijial epifchelium undergoes t\i© \^cVLfcmTi^ ^^"^^ 
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mentioned, and vbeu this thiukeued epithelium sep 
mtes into the nests and ovanal tubes, there is 
continued formation of i)rimitne ova — ie., cells < 
the nesta undergo the eolaigement of cell-body an 




'i^-^ 



lig. 168.— From a Tertical Section Ummffh tiie Om? of a 
new-born Child. 



nucleus, by which they are converted into primitiv 
ova. Like the other epithelial cells, the primitiv 
ova of the neats and ovarial tubes undergo divisio 
into two or even more primitive ova after the mod 
of karyomitoais (Balfour), Thus each nest contaii 

3-53. The ovdinary small epithelial cells of tl 
Jiefits and ovarial tii\ies sewe io lo\Ta t\\e menihrai] 
graiiuJosa of the Graaftan ioWicXea. XKiict&tti^' 
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the numher of ova in a nest or in an ovarial tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — i.e., a 
membrana granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, form the cortical layer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that the ovum and the cells of the 
membrana granulosa are derived from the primaiy 
germinal epithelium; all other parts — membrana 
propria, theca externa, stroma, and vessels — are 
derived from the foetal stroma. 

There is a good deal of evidence to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfliiger, Kolliker), although other ob- 
servers (Bischoff, Waldeyer) hold the opposite view. 

354. (2) The oviduct. — ^The oviduct consists of 
a lining epithelium, a mucous membrane, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capillary blood-vessels. . In man and mammals there 
are no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes ; but these appear- 
ances are explained by the folds of the mucous 
membrane. The muscular coat is composed of non- 
striped muscidar tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix. 

3o5. (3) The ntems. — The epitheliwra. \xcxv\% 
the cavity ol the uterus is a ^li^e^ \«:5^\ o\ ^,c\>;iss>xNax: 
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cells, each with a bundle of cilia on their free surface. 
These are very easily detached, and therefore difficult 
to find in a hardened and preserved specimen. But 
in the fresh and well-preserved human uterus (Fried- 
lander), as well as in that of mammals, the cells are 
distinctly ciliated. The whole canal of the cervix is 
in the adult lined with ciliated epithelium, but in 
children, according to Lott, only in the upper half. 
The surface of the portio vaginalis uteri is, like that 
of the vagina, covered with stratified pavement epithe- 
lium. 

356. The mucous membrane of the cervix is 
different from that of the fundus. In the former it is 
a fibrous tissue possessed of permanent folds — the 
palmse plicatae. Few thin bundles of non-striped mus- 
cular tissue penetrate into these from the outer mus- 
cular coat. Between the palmse plicatae are the 
openings of minute gland-tubes, more or less cylin- 
drical in shape. They possess a membrana propria and 
a distinct lumen lined with a single layer of columnar 
epithelial cells, which, according to some observers, are 
ciliated in the new-born child, but, according to Fried- 
lander, are always non-ciliated. Goblet-cells are met 
with amongst the lining epithelium. Several observers 
(KoUiker, Hennig, Tyler Smith, and others) maintain 
the existence of minute, thin, and long vascular papillae 
projecting above the general surface of the mucous 
membrane in the lower part of the cervix ; these 
apparent papillae are, however, only due to sections 
through the folds of the mucous membrane. The 
mucous membrane of the fundus is a spongy plexus 
of fine bundles of fibrous tissue, covered or lined 
respectively with numerous small endothelial plates, 
each with an oval flattened nucleus. The spaces of 
this spongy substance are lymph-spaces, and contain 
the glands and the blood-vessels (Leopold). 

357, The glands — s^a«iAii\iR iiil««\»sfc — %kq 
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short tubular glands lodged in the mucous membrane, 
and opening into the uterine cavity. During puberty 
their number and their size increase considerably, new 
glands being formed by the ingrowth of the surface 
epithelium into the mucous membrane (Kundrat and 
Engelmann). During menstruation, and especially dur- 
ing pregnancy, they greatly increase in length. They 
are more or less wavy and branched at the bottom. A 
delicate membrana propria forms the boundary of the 
tube ; a distinct lumen is seen in the middle, and tliis is 
lined with a single layer of ciliated columnar epithelium 
(Allen Thomson, Nylander, Friedlander, and others). 

358. During menstruation the thickness of the 
«^jnucous membrane increases, the epithelium of the 

surface and of the greater part of the glands being 
destroyed by fatty degeneration, and finally alto- 
gether detached. Afterwards its restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epithelium, is destroyed during menstruation. 

The muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the comua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer thinner longitudinal stratum, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
one of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cei'vix and their capil- 
laries are distinguished by the great thickness of their 
wall. The mucous membrane contains the coupiUanf 
netwiyi'ks. These discharge their blood into veins 
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situated in the muscular coat. Here the veins are 
very numerous, and arranged in df>.nse plextLses, those 
of the outer and inner stratum being smaller than 
those of the middle stratum, where they correspond to 
huge irregular sinuses, the bundles of muscular tissue 
of the muscular coat giving special support to these 
sinuses. Hence the plexus of venous sinuses of the 
middle stratum represents a sort of cavernous tissvs, 

360. The lymphatics are very numerous ; in 
the connective tissue of the muscular coat are lymph 
sinuses and lymph clefts forming an intercommuni- 
cating system ; they take up the lymph sinuses of the 
mucous membrane above mentioned, and on the other 

hand lead into a plexus of efferent lymphatic vessels 1 

with valves, situated in the subserous connective | 

tissue. 

The nerves entering the mucous membrane are 
connected with ganglia. According to Lindgren, there 
is in the mucous membrane a plexus of non-meduUated m 

nerve-fibres, which, near the epithelium, break up 
into their constituent primitive fibrillae. 

361. (4) The vagina.— The epithelium lining 
the mucous membrane is a thick, stratified pavement 
epithelium. The superficial part of the mucous mem- 
brane — i.e., the mucosa — is a dense, fibrous connective 
tissue with numerous networks of elastic fibres ; it 
projects into the epithelium in the shape of numerous 
long, simple or compound papillae, each with a single 
or complex loop of capillary blood-vessels. The mucosa 
with the covering epithelium projects above the gene- 
ral surface in the shape of longer or shorter, conical 
or irregular, pointed or blunt, permanent folds — the 
rngse. These contain a plexus of large veins, between 
which are bundles of non-striped muscular tissue; 
hence they resemble a sort of cavernous tissue. 

Outside of the mwcosa is the loose submucosa, 
containiug a second venous i^\^il\x^ *, *\\a^ Tsissi^'es^ «re 
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elongated and parallel to the long axis of the vagina 
Outside of the submucous tissue is the muscular coat, 
consisting of an inner circular and an outer longitu- 
dinal stratum of non-striped muscular tissue. Oblique 
bundles pass from one stratum into the other. From 
the circular stratum bundles may be traced into the 
submucosa and mucosa. A layer of fibrous tissue 
forms the outer boundary of the wall of the vagina, 
and in it is the most conspicuous plexus of veins, the 
plexus venosus vaginalis. This plexus also contains 
bundles of non-striped muscular tissue, and therefore 
resembles a cavernous tissue (Gussenbaur.) It is 
not quite definitely ascertained whether or not there are 
secreting glands in the mucous membrane of the 
vagina. Von Preuschen and also Hennig described 
tubular glands in the upper part of the fornix and in 
the introitus vasrinae. 

The lymphatics form plexuses in the mucosa, sub- 
mucosa, and the muscular coat. The first are small 
vessels, the second are larger than the third and possess 
valves. The efferent vessels form a rich plexus of 
large trunks with saccular dilatations in the outer 
fibrous coat 

There are in the mucous membrane solitary lymj)h 
follicles and diffuse adenoid tissue (Loevenstein). 

Numerous ganglia are contained in the nerve 
plexus belonging to the muscular coat. 

End bulbs in connection with the nerve-fibres of 
the mucosa have been mentioned in Chapter XV. 

362. (5) The urethra.— The structure of the 
female urethra is similar to that of the male, except 
that the lining epithelium is a sort of stratified tran- 
sitional epithelium, the superficial cells being short, 
columnar, or club-shaped ; underneath this layer are 
several layers of polyhedral, or cubical cells. Near 
the orificium externum the epithelium. \& ^tT«L\&s^^ 
pavement epithelium. 
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The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of non-striped 
muscular tissue. 

363. (6) The nymphee, clitoris, and vesti- 

buioiii. — These are lined with thick stratified epi- 
thelium, underneath is a fibrous connective tissue 
mucous membrane, extending into the epithelium in 
the shape of cylindrical papillae with capillary loops 
and nerve-endings (end bulbs). The nymphae contain 
large sebaceous follicles, but no hairs. 

The nymphae contain a plexus of large veins with 
bundles of non-striped muscular tissue ; hence it re- 
sembles a cavernous tissue (Gussenbaur). The corpora 
cavernosa of the clitoris, the glans cUtoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of the male. The glands of. Bartholin corre- 
spond in structure to the glands of Cowper in the 
mala 



CHAPTER XXXIII. 

THE MAMMARY GLAND. 

364. This, like other glands, consists of a frame- 
work and parenchyma. The former is lamellar fibrous 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinea-pig) there are 
also small bundles of non-striped muscular tissua 
From the interlobular septa ^hq bundles of fibrous 
tissue with branched connective tissue corpuscles pass 
between the alveoli of the gland substance. The 
amount of this interalveolar tissue varies in different 

places, but in the active gland is always relatively 

scanty. 
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Migratory or lymph corpuscles are to be met with 
in the luteralveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are derived, in the resting gland, from the epi- 
thelium of the gland alveoli. Granular large yellow 
(pigmented) nucleated cells occur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Creighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
would constitute the principal function of the resting 
gland. 

The large ducU as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess a membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, i.e., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to the intermediary portion of the 
ducts of the salivary glands (see Chap. XXII.). 

365. Each of these terminal branches divides and 
takes up several alveoli (Fig. 1C9). These are wavy 
tubes, saccular or flajik-shaped. The alveoli are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active gland has a relatively large 
cavity, varying in different alveoli ; it is lined with a 
single layer of polyhedral, granular-looking, or short 
columnar epithelial cells, each with a spherical nuclous ; 
a membrana propria forms the outer limit. This mem- 
brana propria, like that of the salivary, lachrymal imcA 
other ^iBudis^ is a basket-work oi \ixaxvd\^^ ^^^^ssa^ 
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In the active gland each epitljelial cell ia capable 
of forn ing m its int«r or oi h or more smaller or largei 
oil globules. These may and generally do become 
confluent and pressing the n cleua towards one side 
of the cell ^ive to the latter the resemblance of a fat 
celL The oil glob lies fanally pass out from the cell 
£)roto| lasm into the lumen of the al eol s and tepre- 




sent now the milk globules. The c 
former solid character, and commences again to form 
oil globules in its protoplasm. The epithelial cells, 
as long as the secretion of milk lasts, go on again 
and again forming oil globules in the above manner 
without being themselves destroyed (Langer). The 
en in the lumen of the alveoli, are 
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enveloped in a delicate cuticle — the albumin mem- 
brane of Ascherson, which they receive from the cell 
protoplasm. 

According to the state of secretion, most epithelial 
cells lining an alveolus may be in the condition of 
forming oil globules, or only some of them ; and 
according to the rate in which milk' globules are 
formed and carried away, the alveoli diflfer in the 
number of milk globules they contain. 

According to Schmid, the epithelial cells, after 
having secreted milk globules for some time, finally 
break up, and are replaced by new epithelial cells 
derived by the division of the other still active 
epithelial cells. 

366. The resting gland,- i.e., the gland of a non- 
pregnant or non-suckling individual, contains, compara- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granular-looking epithelial cells. 
During pregnancy these solid cylinders undergo mul- 
tiplication, elongation, and thickening, owing to the 
rapid division of the constituent epithelial cells. 

Finally, when milk secretion commences, the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cells, but 
they, I.e., the central cells, are eliminated, while the 
peripheral ones remain. These central cells are the 
colostrum corpuscles^ and consequently they are found 
in the milk of the first few days only. 

367. Ordinary milk contains no colostrum corpus- 
cles, but only milk globules of many various sizes, from 
the size of a granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
small globules after having passed out of the alveoli. 
Each milk globule is an oil globule surrounded, as 
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stated above, by a thin albuminous envelope — Ascher- 
son's membrane. The small bits of granular substance 
met with here and there, are probably the remains of 
broken-down protoplasm of epithelial cells. 

368. Each gland alveolus is surrounded by a dense 
network of capillary blood-vessels. The alveoli are 
surrounded by lymph spaces like those in the salivary 
glands (Coyne) and these spaces lead into networks of 
lymphatic vessels of the interlobular connective tissue. 



CHAPTER XXXIV. 

THE SKIN. 

369. The skin consists of the following layers 
(Fig. 170): — (1) the epidermis; (2) the oorium, or 
cutis vera, with the papillae; (3) the subcutaneous 
tissue, with the adipose layer or the adipose tissue. 

370. (1) The epidermis (Fig. 17), in all its 
constituent elements, has been minutely described in 
Chapter III. Its thickness varies in different parts, 
and is chiefly dependent on tbe variable thickness of 
the stratum corneum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii fits into the depressions between 
the papillae of the cerium as the interpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
(fee, has been mentioned in Chapter III. 

There occur in the stratum Malpighii migratory 
cells of granular aspect ; they appear to migrate from 
the papillary layer of the corium into the stratum 
Malpighii (Biesiadecki). 

371. (2) The corium is a dense feltwork of 
bundles of fibrous connectYve \as»sv3i^, VvJOcl ^ W^ga 
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admixture of networks of elastic fibres. From the 
surface of the cortum project small conica,! or cyhn 
dncal pajnlla; TheBC are best developed m those 
pajts where the skm is thick, e g , volar aide of 
hand and foot scalp lips of mouth ic. Between 
the surface o£ the conuoa and the epidermis there 
IS a basement membrane Migratory cells, with and 
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without pigment granules in their interior, are met 
with, especially in the superficial part of the corium ; 
tliey, as well aa the fixed or branched connective 
tissue corpuscles (see par. 40), and other structures, as 
vessels and nerves, lie in the interfascicular spaces. 

372. (3) The superficial part of the subcata- 
neous tissue insensibly merges into the deep part of 
the corium ; it consists of bundles of fibrous Q<in»esi>Ji.-*t 
tissue a.ggregated into trabeculte CT(^aKti^% "30.^ wn.ii'OBJe*. 
T— i 
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and interlacing in a complex manner. Numerous 
elastic fibres are attached to these trabeculae. It con- 
tains groups of fat cells, in many places arranged as 
more or less continuous lobules of fat tissue, forming 
the stratum adiposum. These lobules are separated 
by septa of fibrous connective tissue; their structure 
and development, and the distribution of the blood- 
vessels amongfst the fat cells, have been described 
in par. 45 (Fig. 33). The deep part of the sub- 
cutaneous tissue is loose in texture, and contains the 
large vascular trunks and the big nerve branches. 

373. The superficial part of the subcutaneous 
tissue, or, as some have it, the deep part of the 
corium, contains the sudoriparous or sweat glands. 
Each gland is a single tube ooiled up into a dense 
mass of about ^j^ of an inch in diameter — in some 
places, as in the axilla, reaching as much as six times 
this size. Fsom each gland a duct — the sudori- 
ferous canal — passes through the corium in a slightly 
wavy and vertical direction towards the epidermis; 
it penetrates more or less spirally through the inter- 
papillary process of the stratum Malpighii aud the 
rest of the epidermis, and appears with an open mouth 
on the free surface of the skin. 

The total number of sweat glands in the human 
skin has been computed by Krause to be over two 
millions ; but it varies greatly in different parts of the 
body, the largest number occurring in the palm of 
the hand, the next in the sole of the foot, the next 
on the dorsum of the hand and foot, and the smallest 
in the skin of the doi*sum of the trunk. 

374. The sudoriferous canal and the coiled tube 
possess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous cajial 
and in the commencement of the coiled tube. In the 
epidermis the lumen bordered by this cuticle is all 

thsit is present of the sudoxiierou^ caxiaX. V^ x^ceives 
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a continuation from the deep layers of the stratum 
Malpighii and from the basement membrane ; the 
former is the lining epithelium, the latter the limiting 
membrana propria of the audoriferous canal. The 
epithelium consists of two or three layers of small 
polyhedral cells, each with a spherical or oval nucleua 




a Skin, Bbowing the Sweat 
rtons dlrectione. 



375. The structure of the sudoriferous canal is 
then — a limiting membrana propria, an epithelium 
composed of two or three layers of jwlyhedral ctlla, an 
internal delicate membrane, and, finally, the central 
cavity, or lumen. 

The first part — about on»-third or one-fourth — 
of the coiled tube (Fig. 171) is of the same struc- 
ture, and ia directly continuous with the sudoriferous 
canal, with which it is identical, not only in structure, 
but in size. The remainder of the coiled tiifce. — i-e-^ 
the distal part; — ia larger ia diameXiwc, ani S^SSssa 'va 
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these essential respects, that its epithelium is a single 
layer of transparent columnar cells, and that theii) 
is between this and the limiting membrana propria 
a layer of non-striped muscle cells (Kolliker) arranged 
parallel with the long axis of the tube. In some 
places, as in the palm of the hand and foot, in the 
scrotum, the nipple of the breast, the scalp, but 
especially in the axilla, this distal portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granulea 
It appears to nie that the cells resemble in this 
respect those of the serous salivary glands and the 
chief cells of the gastric glands (Langley), inasmuch 
as they produce in their interior larger or smaller 
granules which are used up during secretion, from the 
peripheiy towards the lumen. 

376. The eeniiuinous g^lands of the meatus 
auditorius extemus are of the same structure as the 
distal portion just described, except that the iimer 
part of the cell protoplasm of the epithelium contains 
yellowish or brownish pigment, found also in their 
secretion, i.e., in the wax of the ear. 

Around the anus there is an elliptical zone, in the 
skin of which are found large coiled gland tubes — the 
circumanal glands of A. Gay — which are identical in 
structure with the distal portion of the sweat gland 
tubes. 

377. The sweat gland devdops as a solid cylin- 
drical outgrowth of the stratum Malpighii of the 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutaneous tissue, where it 
commences to coil. The lumen of the tube is of 
later appearance. The membrana propria is derived 
from the tissue of the cutis, but the epithelium and 
muscular layer are both derived from the original 
outgrowth of the epidermis. 

378. The liair-follicles (Fig. 172).— The skin 



almost everywhere contains cyliadricalJoUicleg, planted 
more or leas near to one another, and in groups. In 
each of them ie filled the rool of a hair; that ptut 




of the hair which projects beyond the general surface 
of the skin is the e/taji. 

Very few places contain no hair-follicles, such, for 
instance, aa the volar side of the hand and foot, and 
the skin of the penis. 

In size, the hairs and hair-follicles ditfer in dif- 
ferent parte. Those of the scalp, the cilia of the eyelids, 
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the hairs of the axilla and pubic region, those of 
the male whiskers and moustache, are coarse and 
thick, while the hairs of other places — e.^., the outer 
surface of the eyelids, the inside of the arm and 
forearm, &c. — are very minute : but, as regards struc- 
ture, they are all very much alike. 

379. A complete hair and hair-follicle — that is, the 
papillary hair of Unna — shows the following struc- 
ture : — 

The hair -follicle. Each hair- follicle commences 
on the free surface of the skin with a funnel- 
shaped opening or 'mouth; it passes in an ohUqfie 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — i.e., in the stratum 
adiposum — it terminates with a slightly enlarged 
extremity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
capillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, the former not 
extending generally much farther than the deep part 
of the corium. Degenerating and imperfect hairs 
(see below) also do not reach to such a depth as the 
perfect large hair-follicles. In individuals with 
"woolly '' hair — e.g,, the negro race (C. Stewart), and 
in animals with " woolly " hair, such as the fleece of 
sheep — the deep extremity of the hair-follicle is 
curved, sometimes even slightly upwards. 

380. The structure of a hair-follicle is as follows 
(Fig. 173): There is an outer coat composed of 
fibrous tissue; this is the fibrous coat of the hair- 
sac. It is merely a condensation of the surround- 
ijig fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicle. About 
the end of the hair-foUicle, or sometimes as much 

fts in the lower iourtYi, \i\ie.T^ \& vasJA^ oi! this 
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381. Next to the glassy membrane is the outer 
rool-sheath, the most conspicuous part of the hair-fol- 
licle. It consists of a thick stratified epithelium of 
exactly the same nature as the stratum Malpighii of 
the epidermis, with which it is directly continuous, 
and from which it is developed In the outer root- 
sheath the layer of cells next to the glassy membrane 
is columnar, just like the deepest layer of cells in the 
stratum Malpighii ; then follow inwards several layers 
of polyhediul cells ; and, finally, flattened VLVj.(A'M..^ft4. 
scales fijrm the innermost bouiiAarj lA fee tsMSaT -ti*^ 
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sheatli. The stratum grannlosiim of the stratum 
Malpighii is not continued beyond the mouth of the 
hair-follicle, but there it is generally veiy marked. 
The outer root-sheath becomes greatly attenuated at 
the papilla — in fact, it is there continuous with the 
cells constituting the hair-bulb. 

382. The centre of the hair follicle is occupied by 
the root of the hair, which tenninates with an en- 
larged extremity — the hair-hulb ; this grasps the 
whole papilla. The hair-bulb is composed of j)oly- 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the cells 
of the extremity of the outer root-sheath, from which 
they originate in the first instance ; just over the 
y>apilla there is a special row of sJwrt columnar cdls, 
which are in an active state of multiplication, in 
consequence of which new cells are constantly being 
formed over the papilla. As a result of this there is 
a gradual pushing outwards, within the cavity of the 
hair-follicle, of the cells previously formed ; these cells 
form the hair itself. Nearest to the papilla all the 
cells of the hair are polyhedral, further outwards — i.«., 
towards the surface of the skin — they become more 
eloDgated and spindle-shaped, and constitute the cells 
of the hair substance ; except in the very centre of the 
hair, where they remain polyhedral, so as to represent 
the cells of the marrow of the hair, and in the periphery 
of the hair, where they remain more or less polyhedral, 
so as to form the inner root-sheath. 

383. The root of the hair, except at the hair- 
bulb, shows the following parts : The mbstarice of ih 
hair, the cuticle, and the inner root-sheath. The 
substance of the hair is composed of the hair-fHyrei, 
i.e., long thin fibres, or narrow long scales, each com- 
posed of hyaline horny substance, and possessed of 
a thin staff-shaped remnant of a nucleus. These 
are held, together "by a ce\:\>a\\\ ^w\q\vsv\. <jJl VcL^/^^s-^itial 
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ceoient auLstance. Towards the bulb they gradually 
ciiange into the spindle-shaped cells above mentioned. 
They can be isolated by strong acids and alkalies. In 
pigmented hairs there occur numerous pigment granvlei 
bettoeen the hair fibres, but also diffused pi^nent in 
their substance. Tlie same is noticed with reference 
to the hair-bulb — viz., pigment granules being present 
in the intercellular cement, and pigment also in the 
cell substance. In the centre of many hairs is a cylin- 
drical marrow, containing generally one row of poly- 
hedral cells, which are, to a great extent, tilled with air. 

384. On the surface of the hair substance is a thin 
cuticle, a single layer of horny non-nucleated hyaline 
scales arranged more or less transversely; they are 
imbricated, and, according to the degree of imbrica- 
tion, the cuticle shows more or less 
marked projections, which give to the 
circumference of the hair the appear- 
ance of minute teeth, like those of a saw. 

385. The inner root^sheath in well- 
formed, thick hairs, ia very distinct, 
and consists of a delicate ctUiele next 
to the cuticle of the hair ; then an 
inner, or Huxki/s, layer, which ia a 
single, or sometimes double, layer of 
horny cubical cells, each with a rem- 
nant of a nucleus ; and, finally, an 
outer, or Ilenle's, layer — a single layer 'Ska view°of ibt 
of non-nucleated homy cubical cells. 

The Shan of the hair (Fig. ^"^^ ^ „.,,. 
174), or the part projecting over iiJS^c°™iiii°'^ 
the free surface of the skin, ia of 
exactly the same structure as the root, except that it 
possesses no inner root-sheath. 

386. As mentioned above, at the hair-bulb the 
polyhedral cells constituting this latter gradually ijawi 
into the different parts oi the Yiaii — i.e., BVMxtiti-w^ra^ 
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stance, cuticle, and inner root-sheath — and the con- 
tinual new production of cells over the papilla causes a 
gradual progression and con- 
version of the cells, and a 
corresponding growth in 
length of the hair. 

Pigmented hairs, as men- 
tioned above, contain pig- 
ment granules between — i-t, 
in the interstitial substance 
cementing together — the 
Lair fibres, and ditfuse pig- 
ment in their substance. 
According to the amount 
of these pigments, but es- 
pecially of the interstitiftl 
pigment granules (Pincus), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red hairs there ie 
chiefly difluse pigment In 
white or alhino hairs neither 
the one nor the other 
pigment is present ; in grey 
there is air at least in 
the superficial layers of the 
hair substance, besides ab- 
sence of pigment. 

Sleek hairs are oircn- 
lar, curly oval, in cross-sec- 

387. New formation 

of hair (Fig. 175). — 
uJ'o?(i>»ib«ir%i?S Eveiy hair, be it fine and 
ifri^M«-priLT?!I^'S™'oSt short or thick and long, 
?a(^Koh"1J KomwmiiBT!i«h ^nder normal conditions. 
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tence, for its hair-follicle, including the papilla, sooner 
or later undergoes degeneration, and subsequent to 
this a new papilla and a new hair are formed in its 
place. What happens is this — the lower part of the 
hair-follicle, including the papilla and hair-bulb, de- 
generate and are gradually absorbed. Then there is 
left only the upper part of the follicle, and in the 
centre of this is the remainder — t.e., non-degenerated 
portion — of the hair root. The fibres of this are at 
the extremity fringed out and lost amongst the cells 
of the outer root-sheath of the follicle. This repre- 
sents the hairknoh (Henle). Now, from the outer 
root-sheath a solid cylindrical outgrowth of epithelial 
cells into the depth takes place ; against the extremity 
of this a new papilla is formed. In connection with 
this new papilla, and in the centre of that cylindrical 
outgrowth, a new hair-bulb and hair are formed, and 
as the latter gradually grows outwards towards the 
surface, it lifts, or rather pushes, the old hair — i.e.y 
the hair-knob — out of the follicle. The outer part of 
the follicle of the old hair persists. 

Thus we find in all parts of the skin where hairs 
occur, complete or papillary hairs side by side with 
degenerating hairs, or hair-knobs. 

388. Development of hair. — In the human 
foetus the hair-follicles make their first appearance 
about the end of the third month, as solid cylindrical 
outgrowths from the stratum Malpighii. This is the 
rudiment of the outer root-sheath. After having pene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at the distal extremity forms the papilla 
growing against the outer root-sheath and invagin- 
ating it. On the surface of the papilla a rapid mul- 
tiplication of the epithelial cells of this extremity of 
the outer root-sheath takes place, and this forms the 
hair-bulb, bj the multiplication oi vf\\osfe o.^^^ \>aa\sscsx 
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and the inner root-sheath are formed. As growth 
and multiplication proceed at the hair-bulb, so the 
new hair, with its pointed end, gradually reaches the 
outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum comeum of the 
epidermis in a more or less horizontal direction, till it 
finally lifts itself out of this beyond the free surface. 

389. In many mammals occur, amongst ordinary 
hairs, special large hairs, with huge hair-follicles 
j)lanted deeply into the subcutaneous tissue ; such 
are the big hail's in the skin about the lips of the mouth 
in the dog, cat, rabbit, guinea pig, mouse and rat, &c. 
These are the tactile hairs. Their hair-follicle pos- 
sesses a thick hair-sac, in which are contained large 
sinuses intercommunicating with one another and 
with the blood system ; these sinuses are separated 
by trabeculae of non-striped muscular tissue, and 
represent, therefore, a cavernous tissue. The papilla 
is very huge, and so is the outer root-sheath and the 
hair-root in all its parts. There are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath ( Amstein). 

390. With each hair-follicle are connected one or 
two sebaceous follicles. These consist of several flask- 
shaped or oblong alveoli, joined into a common short 
duct opening into the hair follicle near the surface — 
I.e., that part called the neck of the hair-follicle. 

The alveoli have a limiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking epithelial cells, each with a spherical or oval 
nucleus ; next to this, and filling the entire cavity of 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus; the cell-substance is filled with 
minute oil globules, between which is left a sort of 
jfeoijey combed reticulated stroma. The cells nearer to 
the centre of the alveoWa axe \;N\^ \ax^<i%\». "Yw^^vda 
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the dact they become shrivelled up into an amorphous 
mass. The duct itself is a continuation of the outer 
root-sheath. 

As multiplication goes on in the marginal layer of 
epithelial cells — i.e., those next the membrana propria 
— the products of this multiplication are gradually 
shifted forward towards the duct, and through this 
into the neck and mouth of the hair-follicle, where 
they constitute the elements of sebum. 

There is a very characteristic misproportion be- 
tween the size of the hair-follicle and that of the seba- 
ceous gland- in the embryo and new-born, the sebaceous 
gland being there so large that it forms the most con- 
spicuous part, the minute hairs (lanugo) being situated, 
as it were, in the duct of the sebaceous follicle. 

391. In connection with each hair-follicle, espe- 
cially where they are of good size — as in the scalp — 
there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the arrector pUi. It is 
inserted in the hair-sac near the bulbous portion of the 
hair-follicle, and passes in an oblique direction towards 
the surface of the corium, grasping, as it were, on its 
way the sebaceous follicle, and terminating near the 
papillary layer of the surface of the corium. The 
arrector pili forms with the hair-follicle an acute 
angle — ^this latter being planted into the skin in an 
oblique direction, as mentioned above — and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
"goose's skin"), and of making the hair assume a 
more upright position (causes it, as we say, to "stand 
on end"). At the same time, it compresses the 
sebaceous follicle, and thus facilitates the discharge of 
the sebum. 

392. The corium of the scrotum, of the nipple of 
the breast, of the labia pudendi majora, and of the 
penis^ contains numbers of bvMid\«& ol XkRpDL-^^x?c(^«^'i^ 
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muscular tisatif (Kiilliker), indepejident of the liairs; I 
these run iu an oblique tind horizontal rlirection, a 
form plexuses. 
" 393. The nails (Fig. 176).— We diatingiiish the I 

'y of the nail from the yi-ee margin and frot 




Cig. 176.— Vertioal SeotiDa Ili[oii«b the Hunutn Nail and 1 
SlrMiiiu MilWgh ofnuLboa > rnrninn iirinn snm (inll-bBl; 
Iwullycnol [fi Dill inbBUacu at.in{.(Uli<.r(lcl. 1 njers f HunB. 

^root ; the body is the nail proper, and ia fixed c 

e nail-bed, while the nail-root is fixed on the nftit^ 
pjfttrix— r.e., the posterior part of the nail-bed. 1 
insei-ted, with the greo-tev ^art of its lateral a 
pth its posterior niargiTi, iiA t\ie iviU-qromis, a. ItAi 
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by which the nail-matrix passes into the surrounding 
skin. 

394. The substance of the nail is made up of a 
large number of strata of homogeneous homy scales — 
the nail-cells — each with a staff-shaped remnant of a 
nucleus. 

The corium of the nail-bed is highly vascular ; it 
is firmly fixed by stiff bands of fibrous tissue on the 
subjacent periosteum; it is covered with a stratum 
Malpighii of the usual description, except that the 
stratum granulosum is absent in the nail-matrix, but 
is present in a rudimentary state in the rest of the 
nail-bed. The nail itself represents the stratum 
lucidum, of course of exaggerated thickness, situated 
over the stratum Malpighii of the nail-bed. There 
is no stratum comeum over the nail. 

The stratum Malpighii and corium of the nail-bed 
are placed into permanent minute folds, and the nail 
possesses on its lower surface corresponding linear 
indentations. 

395. In the foetal nail-bed the stratum Malpighii 
is covered with the usual stratum lucidum and stratum 
comeum, but the former is the larger; by a rapid 
multiplication of the cells of the stratum Malpighii, 
and a conversion of its superficial cells into the scales 
of the stratum lucidum, the foetal nail is produced. 
At this early stage the nail is covered by stratum 
corneum. By the end of the fifth month the nail 
margin breaks through this stratum corneum, and by 
the seventh month the greater part of the nail has 
become clear of it. 

396. The blood-vessels of the skin. — The 
blood-vessels are arranged in different systems for the 
different parts of the skin (Tomsa) : — 

(a) There is, first, the vascular system of the 
adipose tissue, differing in no way from the d.\&- 
tribution of blood-vessels in ia\. \assvjl^ o'l o'Osnrx ^^^'k^' 
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(6) Then there is the vascular system of the hair- 
follicle. The papilla has a capillary loop, or rather 
a minute arteriole, a capillary loop, and a descending 
vein, and the fibrous tissue of the hair-sac possesses 
capillaries arranged as a network with elongated 
meshest, with its afferent arteriole auvl efferent vein. 

(c) The sebaceous follicle has its afferent arteriole 
and efferent vein, and capillary networks surrounding 
the alveoli of the gland. The arrector pili and other 
bundles of non-striped muscular tissue possess capil- 
lary networks with elongated meshes. 

(d) The sweiit-glands have an afferent arteriole, 
from which proceeds a very rich network of capil- 
laries, twining and twisting round the gland-tube. 
The duct possesses its separate afferent arteriole and 
capillaries, forming elongated meshes. 

(e) The last arterial branches are those that reach 
the surface of the corium, and there break up into a 
dense capillary network with loops for the papillae. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium. 

(/) In the nail-bed are dense networks of capil- 
laries, with loops for the above-named folds. 

397. The lymphatics. — ^There are networks of 
Ijnnphatic vessels in all strata of the skin ; they are, 
more or less, of horizontal expansion, with oblique 
bmnches passing between them. Their wall Ls a 
single layer of endothelial cells, and some of them 
possess valves. Thos^ of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
glands, and the hair-foUicles possess their own lym- 
phatic clefts and sinuses. The interfascicular spaces 
of the corium and subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 
padts. 

398. The nerves.— T\ie netN^Xstw^i^V^ break up 
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into a dense plexus of fine nerve fibres in the super- 
ficial layer of the corium. This plexus extends hori- 
zontally, and gives oflf numerous elementary fibrils 
to the stratum Malpighii, in which they ascend vertic- 
ally and in a more or less wavy fashion towards the 
sti'atum lucidum (Langerhans, Podkopaeff, Eberth, 
Eimer, Ranvier, and others). According to some, 
they terminate with a minute swelling ; according to 
others, they form networks ; according to more 
recent observations, some of the fibrils terminate 
also in the substance of the deep epithelial cells {see 
Chap. XIV.). 

The subcutaneous nerve-branches of some places 
— palm of hand and foot, and skin of penis — give 
off single meduUated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former chapter. 
In the volar side of the fingers and toes there occur 
in some of the papillae of the corium the tactile or 
Meissner's corpuscles, each connected with one or two 
medullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
contains the terminations of fine nerve-fibres, in the 
shape of primitive fibiillse (Jobert, Bonnet, and 
Amstein). According to Jobert, the nerve-fibres 
entwine the hair-follicle in circular turns. The tactile 
hairs possess a greater supply of nerves than the 
ordinary hair-follicles. 



CHAPTER XXXV. 

THE CONJUNCTIVA AND ITS GLANDS. 

399. (1) THEeyeUds (Fig. 177).— The outer layer 
of the eyelids is skin of ordinary desciii^ti<«v\ ^Jw^^ 
inner is a delicate, highly va&cuW -Ki^Tc^st^ic^^ — ^^^ 
u—1 
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conjunctiva palpehrcB. This includes a firm plate — 
the tarsal-plate — which is not cartilage, but very 
dense, white, fibrous tissue. In it lie embedded the 
Meibomian glands. Theseextend in each eyelid in a 
vertical direction from the distal margin of the tarsal- 
plate to the free margin of the eyelid ; in the posterior 
angle of this margin lies the opening or mouth of each 
of the Meibomian glands. 

The duct of a Meibomian gland is lined with a 
continuation of the stratified pavement epithelium, 
lining the free margin of the lid ; it passes in the 
tarsal-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or fiask-shaped 
alveolus. This is identical in structure and secre- 
tion with the alveoli of the sebaceoum follicles of tJie 
skin. 

400. The conjunctival layer is separated from 
the subcutaneous tissue of the skin-layer of the 
eyelid by the bundles of the sphincter orbicularis — 
striped muscular tissue. Some bundles of this ex- 
tend near the free margin of the lid, and represent 
what is known as the niusculus ciliaris RiolanL 
This sends bundles around the mouth of the Mei- 
bomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or cilia^ remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of 
peculiar large glands — t\\Q gla/nds of MohL Each of 
these is a wavy or spiral tube, passing in a vertical 
direction from tiie margin of the lid towards its distal 
part; it completely coincides iu structure with the 
large portion of a sweat gland — i.e., that part contain- 
ing a columnar epithelial lining, and between this and 
the membrana prop via a \ox\«\t\xditial layer of non- 

Btriped muscular ceUs. 



Chip. XXXV.) Cof/yUNCTlVA AND ITS GlANDS. 307 




Fi/ 1 7 Vertical Se tJon thioo(h the Uppn BTeluL Wftldayer ) 



The free mai^n \a covered, as Tftc^X-vwwS. ^l^^"^^ 
with stmtifietJ pavement epitVieVmm, \\\to -«\\^'J^ "^ 



3o8 Elements of Histology, [Chap. xxxv. 

mucous membrane extends in the shape of minute 
papillae. In the conjunctiva palpebrse the epithelium 
is a thin stratified pavement epithelium ; there are 
no papillae, but the sub-epithelial mucosa — that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate — contains a dense network of 
capillary blood-vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebrae 
— i.e., the fornix conjunctivae — and, further, the con- 
junctiva fixed to the sclerotic, and terminating at the 
margin of the cornea — the conjunctiva bulbi The 
epithelium covering the conjunctiva fornicis and con- 
junctiva bulbi is stratified epithelium, the superficial 
cells being short columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epithelium is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillae 
extend into it from the mucosa. 

403. The mucous membrane is fibrous tissue, 
containing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fornicis ; they are the glands 
of Krause, Similar glands exist in the distal portion 
of the tarsal-plate. 

404. The blood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capillary networks for the 
Meibomian glands, Krause's gland, &c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the very margin of the cornea. 

405. The lymphatics form a superficial and 
f/eep network. Bot\i arei coiw[vected by short branches. 
jChe deep vesseb areposseas^^oi.N«iNN<B^» "X^aa ^\v?^<^t« 
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ficial plexus is densest at the limbus cornese, and they 
are in direct connection with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
the margin of the lid the superficial Ijnnphatics of 
the skin anastomose with those of the conjunc- 
tiva. 

Lymph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eye. 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of Bruch. They 
are also well-marked in the third lid of many 
mammals. 

According to Stieda and Morano, isolated lymph 
follicles occur also in the human conjunctiva. 

406. The nerves are very numerous in the con- 
junctiva ; they form plexuses of non-medullated fibres 
underneath the epithelium. From these plexuses fine 
fibrils pass into the epithelium of the surface, between 
whose cells they terminate as a network (Helfreich, 
Morano). End bulbs of Krause occur in great num- 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (2) The lachrymal g^lands are identical 
in structure with the serous or true salivary 
glands. The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribution of blood-vessels and lymphatics, are exactly 
the same as in the true salivary glands. Beichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
parent and slightly granular duiing rest ; but 
during secretion they grow smaller, more opaque 
and gi-anular, their outlines not y^U defined, and 
the nucleus becomes more spherical and placed more 
centrally. 

408. In most mammals tlietft \a m >2tofe \sscfe'«^ 
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angle of the eye, and closely placed against the sur- 
face of the eyeball, a gland called Harder^s gland. 
According to Wendt, this is either a true serous 
gland, like the lachrymal — as in the ox, sheep, and 
pig — or it is identical in structure with a sebaceous 
gland, as in the mouse, rat, and guinea-pig ; or it 
consists of two portions, one of which (white) is 
identical with a sebaceous, while the other (rose- 
coloured) is a true serous gland ; such is the case in 
the rabbit and hara According to Giacomini, a 
rudiment of Harder's gland exists also in the ape 
and man. 



CHAPTER XXXVI. 

THE CORNEA, SCLEROTIC, LIGAMENTUM PECTINATUM, 

AND CILIARY MUSCLE. 

409. I. The cornea (Fig. 178) of man and many 
mammals consists of the following layers, counting 
from front to back : — 

(1) The epiilielium of the anterior surface (see 
Fig. 18) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22. It is directly continuous with the epithelium of 
the conjunctiva, bub it is more transparent ; in dark 
pigmented eyes of mammals the epithelium of the 
conjunctiva is also pigmented. In these c.ises the 
pigment, as a rule, does not pass beyond the margin 
of the cornea. 

410. (2) Next follows a homogeneous elastic mem 
brane, BowmamUs membrane, or eiastica anterior. It 

ia best shown in tlae Yi\ima\\ e^^, bvit is \)resent, even 
though only rudimentaTy, m \\i<i ^^^ o1 \xv^\sv\ssa\5^ 



) Tlien follows the ground gyhgtanee, or sub- 

d. propria, of the cornea. This is composed of 

lamellse of bundles 




of fibrouB 

tissue. Neighboui-ing 
limellse are connected 
with one another by 
oblique bundles. 

The fibre bundles 
within each lamella 
run parallel to tbe sur- 
face of the cornea, but 
may cross one another 
under various angles. 

In the anterior 
layer of the ground 
substance some of the 
bundles pass through 
several lamellee in an 
oblique manner ; they 
represent the fibne 
arcuatee. 

The fibrils within 
the bundles, and the 
bundles, and the la- 
mellee of bundles are 
held together by an 
interstitial, albumin- 
ous, semi-fluid, cement 
substance, which, like 
other similar intersti- 
tia,l tmbstances, be- 
>i tha Eje longs to the globulins, 
and is soluble in 10 
per cent, saline aolu,- 
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fibrils are seen here and there. Between the lamellse 
are left the lacunse and canaliculi for the branched, 
flattened, nucleated, corneal corpuscles, described iD 
a previous chapter (Figs. 29, 30). They anasto- 
mose with one anothtBr within the same plane, and 
also, to a limited degree, with those of neighbouring 
planes. 

411. (4) The membrana Descemeti, or elastica 
posterior, is a resistent elastic membrane, conspicuous 
by its thickness in all comese. 

(5) The posterior surface of this membrane is 
covered with a mosaic of beautiful polygonal endo- 
thelial cells, each with an oval nucleus — the en- 
dothelium of Descemet*s membrana Under stimu- 
lation these cells contract. At first they appear 
slightly and numerously branched, but gradually 
their processes become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
cesses. 

There are no blood-vessels in the normal cornea, 
except in foetal life, when there is underneath the 
interior epithelium a plexus of capillaries. 

The lymphatics are represented as the inter- 
communicating lymph-canalicular system — i.e., the 
lacunae and canaliculi of the corneal corpuscles ; and 
in connection with these are lymph channels lined 
with a continuous endothelium and containing the 
nerve bundles. 

412. The nerves (Figs. 83, 84, 85) are distri- 
buted as the nerves of the anterior layers, and as 
those of the Descemet's membrane. The first form 
rich plexuses of fibrillated axis cylinders, with trian- 
gular nodal points (Cohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
through Bowman's meta\ita.Tv^ short branches — the 

rami perforantes (KoWikex^ — «ivi^ >i^^^^^ Vxscwi^^^^V^ 
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underneath the epithelium break up into their con- 
stituent primitive fibrils, the latter coming off the 
former brush-like (Cohnheim), These primitive 
fibrillae ultimately ascend into the anterior epithelium 
(Hoyer, Cohnheim, and others), where they branch, 
and nearly reach the surface. They always run 
between the epithelial cells, and are connected into 
a network. According to some observers, they termi- 
nate with free ends, pointed or knobbed ; but according 
to others, with whom I agree, these apparent free ends 
are not in reality free endings. 

413. The nerves of Descemet's membrane form 
also a plexus of non-medullated fibres in the posterior 
layers of the ground substance; from them come 
oif vast numbers of primitive fibrillae, running a more 
or less straight and long course, crossing one another 
often under right angles; they give off very fine 
fibrils, which are closely associated with the corneal 
corpuscles, without, however, really becoming con- 
tinuous with their protoplasm. 

414. II. The sclerotic consists of lamellae of 
tendinous tissue. The bundles of fibrous tissue are 
opaque as compared with those of the cornea, although 
they pass insensibly into them. There are lymph 
clefts between the lamellae and trabeculae, and in 
them lie the flattened connective tissue corpuscles, 
which, in the dark eyes of some mammals only, contain 
pigment gi'anules. Numerous elastic fibrils are met 
with in the inner layers of the sclerotic. 

415. Between the sclerotic and choroid membrane 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to and from 
the choroid. The part of this loose tissue next 
to the sclerotic, and forming part, as it were, of 
the sclerotic, contains, in dark eyes of mammals, 
numerous pigmented connective tissue corpuscles ; it 
\m then called lamiria /uaco. TVva t^'&Xi — ^.,^.^ ^«'»^ 
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to the choroid membrane — is the supra-choroidal 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it ; they are arterioles, capillaries, and 
veins ; in addition to these are the vascular branches 
passing to and from the choroid. 

417. III. The lig^ameBtnm pectinatnm 
iridis (see Fig. 178) is a conical mass of spongy tissue, 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hand, with the junction of cornea and sclerotic, 
and on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of ti-abeculse and 
lamellae of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeti of the cornea 
and the elastic fibres of the sclerotic, and on the other 
with the tissue of the ciliary border of the iids. The 
trabeculae anastomose, so as to form a honeycombed 
plexus, and the spaces in this plexus are lined 
with a layer of flattened endothelial cells, directly 
continuous with the endothelium of Descemet's mem- 
brane on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum near the iris are 
very considerable, and are called the. spaces of 
Fontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-meduUated 
fibres in the tissue of the sclerotic (Helfreich). 

At the point of junction of the cornea and sclerotic, 

but belonging to the latter, and in the immediate 

neighbourhood of the ligamentum pectinatum iridis, 

is a circular canal — ^t\ie caixal of ^^Mavmyi ; this is 

\iiied with endotVuiVium , aw^ *\^ cow^v^^x^.^ Nyj 'sks^^ 
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(Scbwalbe) as a lymphatic canal ; by others (Leber) 
as a venous vessel. 

418. IV. The ciUary muscle (Fig. 178) or 
tensor choroideae, is fixed to this ligamentum pecti- 
natum ; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of two parts : 
(a) one of circular bundles nearest to the iris — this 
is the poiiiio Miilleii ; (6) the greater part is composed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider- 
able distance backwards into the tissue of the choroid 
membrane. It occupies the space between the liga- 
mentum pectinatum, sclerotic, ciliary processes, and 
the adjoining portion of the choroid membrane. 
The bundles of the muscle are arranged more 
or less in lamellae; within each lamella they form 
plexuses. 

A rich plexus of non-medullated nerve-fibres, with 
groups of ganglion cells, belongs to the ciliary muscle. 



CHAPTER XXXVII. 

THE IRIS, CILIARY PROCESSES, AND CHOROID. 

419. I. The iris consists of the following layers : — 

(1) The endothelium of the anterior surf ace : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus ; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyaline basement membrane : it is 
continuous through the trabeculae of the ligamentum 
pectinatum, with the membrana D^sceYci^^x <^*v viicv'^ 
comoo. 
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(3) The substantia propria: this is the ground- 
substance ; it consists of fibrous connective tissue in 

•bundles, accompanying the blood-vessels, which are 
very numerous in the tissue of the iris. Many 
connective tissue corpuscles are found in the sub- 
stantia propria ; they are more or less branched, and 
many of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The depth 
of the colour varies according to the number of these 
pigmented connective tissue cells, and to the amount 
of the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
the substantia propria on the posterior surface ; this 
is an elastic membrane, and is continued over the 
ciliary processes and choroid as the lamina vitrect, 

420. (5) The last layer is the epithelium of the 
posterior surface ; this is a layer of polyhedral cells, 
filled with dark pigment granules, except in albinos^ 
where there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum. The 
interstitial cement substance between the cells is not 
pigmented, but transparent. 

The name "uvea" is sometimes applied to the whole 
of the iris, ciliary processes, and choroid membrane. 

In blue eyes the posterior epithelium is the only 
pigmented part of the iris, and so it is also in new- 
born children, whose iris appears blue. In all cases 
where the iris appears blue, this is due to the dark 
back — i.e., the pigmented epithelium of the posterior 
surface — being viewed through a dull layer, i.e., the 
substance of the iris. 

421. Near the pupillary border the posterior sec- 
tion of the substantia propria contains a broad layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter pupillce. In connection with this 

are bundles of non-striped tjwx^cxA^t ^Vi^ea^ ijassing in 
a radiating direction towards \\i^ cnNasctj xm^x^ssl ^^^ 
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iris ; these are the bundles of the dilatator pupUlce, 
forming a sort of thin membrane near the posterior 
surface of tlie ins (Henle and others). At the ciliary 
margin the bundles take a 
circular direction, and form a 
plexus (Ivanoff). 

422. The blood-vesseU 
{Fig. 179) of the iris are 
Tery numerous. The arteries 
are derived from the ciroulus 
arterioaua iridis major, situated 
at the ciliary margin of the 
iris, and from the arteries of 
the ciliaiy processes. These 
arteries run in a radiating 
direction towards the pupUlary 
margin, where they terminate 
in a dense network of capillaries 
for the sphincter pupillee. But 
there are also numerous capil- 
lary blood-vessels of a moie or 
less longitudinal direction near 
the posterior surface of the iris. 
The veins accompany the arte- 
ries, and both are situated in 
the middle stratum of the 
substantia propria. 

In the sheath of the blood- 
vessels are lymph elejis and 
lymph ginvMt ; there appear to 
be no other lymphatics. 

423. The nerve-flbre» 
are very numerous (Arnold, 
Formad), and in the outer or 

ciliary portion of the iris form a rich plexus, fro 
, which are derived, (d) networks ot ivQivT&eA.v&a' 
fibres tor the dilator pupi\l« ■, th~) a nfeVsci^ "A 




?^.«3 
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non-medu Hated fibres for the anteiior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter papillae. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A. Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works. 

424. II. The ciliarj processes are similar in 
structure to the iris, except, of course, that they do 
not possess an anterior endothelium or an anterior 
basement membrane. The substantia propria is 
fibrous tissue with elastic fibres and nimierous 
branched cells, pigmented in dark (but not in blue) 
eyes. The posterior basement membrane is very 
thick, and is called the lamina viirea ; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H, Milller). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetum mgrum: the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapetum nigrum, and are the 
continuation of the retina over the ciliary processes : 
this is the pars ciliaris retincB (Fig. 180). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former ; each ciliary process pos- 
sesses a conical group of ca])illaries (Fig. 179). 

426. III. The choroid membrane consists — 
countingfrom outwards, i.e.,iroir\ the sclerotic, inwards, 
i.e., towards the retina — of the following layers : — 

(1) The membvana »\i\iT««-diOYOvdea, This is a 
continuation o£ the sc\ero\.\c, V\\\\ ^\v\^'\\»S&\.^^\jiCvaiL 
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in structure , the Bpaces between ita lamt^Usa are 
lined « ith endothelium, and represent lymph spaces 
(Sohwalbe) 

(2) Next follows an elastic lajer which contains 
networks of elastic hbies, the hranchea of the arteries 




and veins, and, i 
(FiR. 181). 

427. (3) Then follows the membrana 
capillariR, a densf network of capillary WmsA-n «»*«?». 



pbediled i 
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and unbranched pigmented and unpigmented con- 
nective-tissue cells. 

^4) The lamina vitrea ; and, finally, 

(5) The tapetum nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
retina. In the region of the ora serrata of the 
retina — i.e., next to 
the ciliary processes 
— also this zone of the 
choroidea is lined 
with a layer of trans- 
parent, columnar, ^^^^v^^^iB :^^M 
epitheloid cells, re- klSim^^av. 'i^m 
presenting the pars 

«,*i;««;r, ««+,*^«« Pie. 181.— Pigmented Connective Tissue 

Clhans retinae. ^©Us of the Choroid Coat. (Atlas.) 

428. The arterise 
ciliares breves and recurrentes, situated in the outer 
part of the choroidal tissue, form ultimately the dense 
networks of capillaries for the chorio-capillaries. The 
veins derived from this pass into the outer ])art of 
the choroid, where they anastomose so as to form the 
peculiar large veins, which are called the venae 
vorticosae. 




CHAPTER XXXVIII. 

THE LENS AND VITREOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
fine longitudinal striae, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior surface of the lens- 
substance is lined with a single layer of polyhedral, 
^ranu Jar-looking, epit\\e\ia\ eell^, each with a spherical 
or oval nucleus. This fep^^\ve\VvMsv ^^.o^jje. ^^s* «vx.Ocv ^ \3ba 
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in!u-gin of the lens, where its cells, gradually elongsr 
ting, pass into the lens-fibres. The nuclei of these 
lie in a curved plane belonging to the ant«rioi' half of 
the lens : this is the nuclear zone. The lens-substance 
consists of the l«n*-Jibre». These are band-like, hexa- 
gonal in transverse Eection ; their outline is beset 
with numerous tiue ridges and fujrows, which in 
neighbouring fibres, fitting the one into the other, 
form a firm connection between the fibres (Valentin, 
Henle, Kijlliker, and others). The fibres of the 
peripheral portion are broader and tliicker, and their 
substance less firm than those of the centre — i.e., of 
the lens-nucleus. The substance of the lenii-fibres is 
finely granular and delicately and longitudinally 
striated. 

430, The lens fibres (Fig. 182) are arranged in 
concentric lamelbe, each consisting of a single layer of 
fibres joined by their broad 
surfaces. E^ach fibre is slightly 
enlarged at the extremities ; 
and in each lamella the fihres 
jxtend from the anterior to the 
posterior surface. Their ex- 
tremities are in contact with 
the ends of the fibres of the 
e lamella in the tutures, or 
the rays of the so-called lens 
Pig. 182.— From ■ Section sUirs. In the lens of the new- 
girough the Lena oi bom child, the stars of both 
stiowiDs (onr iboicuk; tn aiiteiior and posteiior lamellse 
S'iSsVil rlTi^™' ihlj possess three such I'ays, while . 
SlST'cSiJ^'"^'""'' "• tlie adult each of these rays 
has secondaiy rays. In these 
rays there is a homogeneous thin layer of an albu- 
minous cement substance ; a similar substance in 
minute quantity is also present between the lift.\ftt\W.. 
and in it occur smaller or \arger eiefta. »sA OKa."«t,iA«-, 
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which evidently cany the nutritious fluid for the lens- 
fibres. 

431. (2) The vitreovs body is a fluid substance 
enclosed in a delicate hyaline capsule — the memhrana 
hycUoidea. This paembrane, at the margin of the 
fossa patellaris of the vitreous body — i.e., the fossa in 
which the lens is lodged — ^and without covering this 
fossa, passes as the zonula ciliaris, or zonula Zinnii, or 
suspensory Ugament of the lens, to the margin of the 
latter, to which it is firmly adhering. So it adheres 
also to the surface of the ciliary processes. The 
zonula Zinnii is hyaline and firm, and is strengthened 
by numbers of bundles of minute stiff fibrils. 

Between the suspensory ligament of the lens, the 
margin of the lens and of the fossa patellaris is a 
circular lymph space, called the canalis Petiti. 

Beneath the membrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
cells of Ciaccio), possessed of amoeboid movement 
(Ivanoff). 

432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiating in the central part (Briicke, Hannover, 
Bowman, Ivanoff, Schwalbe). But these do not 
contain any distinct membranous structures (Stilling, 
Ivanoff, Schwalbe). " 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the lens, and is lined with a continuation of the 
membrana hyaloidea. 

433. In the substance of the corpus vitreum occur 
isolated nucleated cells, possessed of amoeboid move- 
ments, and some contain vacuoles, indicating com- 
mencing degeneration. They are all identical with 
white blood-corpuscles (Lieberkiihn, Schwalbe). 

¥mQ bundles o^ ^brila are occasionally seen in the| 
substance of t\ie vitreous \io^^. 



CHAPTER XXXIX. 

THE RETINA. 

434. The retina (Fig. 183)coiisistsof ihe folio-wing 
lavers, counting from inward") towards the choroid meni- 
I.rane —{I) The 
nieDibraoa limitans 
interna, 'which is 
next to the mem 
brana hyaloidea of 
the vitreous body 
(2) tlie iier\e fibre 
layer, (3) the layer 
of ganglion cells 
(4) the inner gran 
ular or inner mole 
cular layer, (6) the 

nuclei, (6) the 
outer granular, or 

outer moleculai or 
^^ intemuclear la} er 

TnuMvetBe Sect ou in\ il„ |bup, nf 
of Sheep r PariphePBl ('.* ™^ "^J^' O' 

outer nuclei (8) 
membi'ana 

limitans externa 

't^^»V'^^"A^'^¥iI^'^?^ (9) the layei of 
%.^t ."giir'^'!i"tJe''',iiJi^!Kl?;?J "^B and wnea 
S^Xr™ " ■►■*"«"»' «"*«i-^ and (10) the pig 
mented epithelium 
of the retina, or the tapetum nigrum mentioned above, 
which foi-ms, at the same time, the inner lining epithe^ 
liuiii of the choroid membrane. 
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435. From this arrangement b excepted — (a) the 
papilla iiervi optici, (6) the macula lut«a and fovea 
cestiulis retitife, ujid (c) the ora eeiTata. of the retina. 

(a) The papilla nervi optici, or the blind spot of 




tli£ retina, represents the entrance of the optic nerre- 
fibres into the retina ; thence, as from a centra, 
thej spread out m «, radiating direction into tbf 
saucer-shaped retina, oi -w\i\(^ r^vft-j Iotto ■iW ^-c^AscBai 
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layer. No other elements of the retina are present at 
the papilla, except a continuation of the limitans 
interna. At the papilla nervi optici the arteria and 
vena centralis nervi optici also enter, and spread 
out with their branches in the inner layers of the 
retina. A large lymph space is also found there. 

(6) The macula lutea and fovea centralis will be 
considei'ed after the various layers of the retina have 
been described. 

(c) At the ora serrata all cellular and nuclear 
elements of the retina — except the pigmented epithe- 
lium — and the nerve-fibres, come to an end ; but the 
limitans interna, with its peculiar radial or Miiller's 
fibres, is continued oVer the ciliary processes in the 
shape of columnar epitheloid nucleated cells men- 
tioned above : this is the pars ciliaris retinae. 

436. Structure of the layers of the retina (Figs. 
184, 185). 

(1) The membrana limitans interna is 
composed of more or less polygonal areas, which are 
the ends or bases of pyramidal, finely-striated fibres 
— the radial fibres of Midler, Each radial fibre passes 
from the limitans interna in a vertical direction 
through all layers to the limitans externa, and on its 
way gives off numerous lateral branchlets, fibrils, and 
membranes, which anastomose with one another so as 
to form a honeycombed stroma or matrix for all 
cellular and nuclear elements of the retinal layers. 
In the nerve-fibre layer the radial fibres are thickest, 
this being, in fact, the pyramidal basis \ in the inner 
nuclear layer each possesses an oval nucleus. 

437. (2) The layer of nerve- fibres.— The 
optic nerve-fibres at their entrance into the eyeball 
lose their medullary sheath, and only the transparent 
axis cylinder is prolonged into the retina. In matL>, 
uiedullated nerve-fibres in the retma wc^ Net'^ ^^^<s^ 
tionaJ; in the rabbit there are t>wo XiXMt^'b^N ^VQ««i 
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fibres retain their medullary sheath in the retina 
(Bowman). The nerve-fibres remaiik gi*ouped in 
bundles in the retina, and even form plexuses. For 
obvious reasons, the number of nerve-fibres in the 
nerve-fibre layer diminishes towards the ora serrata. 

438. (3) The layer of gauKliop cells. — ^Thero 
is one stratum of these cells only, except in the 
macula lutea, where they form several strata. Each 
cell is multipolar, and possessed of a large nucleus 
One process is directed inwards and becomes con- 
nected with a fibre of the nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, i.e., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a reticulum of fibrils which is part of 
this molecular layer ; but according to Retzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are separated from one another 
by the radial fibres of Miiller. 

439. (4) The inner molecnlar layer is a 
fine and dense reticulum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of M tiller. This layer is, on account of its thickness, 
a conspicuous part of the retina. In lower vortebrates 
it appears stratified. 

440. (5) The inner nuclear layer contains in 
a honeycombed matrix of a hyaline stroma numerous 
nuclei, in two, three, or four layers. In the am- 
phibian retina those form a larger number of layers. 
Some oblong nuclei of this layer belong, as has been 
mentioned above, to the radial fibres of Miiller. 
^ext to the molecular layer are small nuclei belonging 
to flattened branched c^W^ ^m\.%ci\v^W\. But the 

great majority oi t\ie uudev oi \)k\&\^^^^ ^^^b ^^^^^ 
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oval, with a reticulum in their interior. Each l^elongs 
to a spindle-shaped cell, with a small amount of proto- 
plasm around the nucleus ; it is, in fact, a bipolar gang- 
lion cell (Max Schultze), of which one process (the 
inner) passes as a fine varicose fibre into and through 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Retzius, 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the retina. 

(6) The outer molecular layer is of exactly 
the same structure as the inner molecular layer — i.«., 
a fine reticulum of fibrils — but is considerably tliinner 
than the latter. 

441. (7) The outer nuclear layer contains, in 
a honeycombed matrix, a large number of oval nuclei. 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than the nuclei of the inner nuclear layer, 
and show often a peculiar transversely-ribbed differ- 
entiation of their contents (Henle, Krause). The 
honeycombed matrix of this layer is in connection 
with lateral branchlets of the radial fibres of MUller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the outer surface of the layer ; 
this is 

442. (8) The limitans externa. — ^The nuclei of 
the outer nuclear layer next to this limitans externa are 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
limitans externa are connected with the rods. In 
both instances the connection is established through 
holes in the limitans externa Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spindle-shaped cell with a minute amount ot Y^^\si- 
plasra ; this is prolonged outwardE^ «£^ XjSaa ONiXfc^ '^^'SisN* 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectively, while inwards it passes into 
a longer, more conspicnoas filn^ the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with its 
bianchlets among the fibrils of this layer. 

443. (9) The rods andl cones. — Eadi rod is 
of cylindrical shape, with rounded or conical outer 
extremity ; it consists of an outer and inner member, 
joined by linear cement. Its substance is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of Kiihne and !Ewald. In 
the fresh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potassse, 
the outer rod-member disintegrates into numerous 
transverse, thin, homogeneous-looking discs( Hannover). 
The inner member in the human rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure ; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
iimer member jiasses through a hole in the limitans 
externa, and becoming thinner, represents the outer 
pai-t of the rod-fibre. 

444. Each corve is composed of an outer, short, 
pointed, conical member, and an inner larger member 
with convex surface: this is the body of the cone. 
The outer member of the cone separates under certain 
conditions also into thin transverse discs. The body 
of the cone is longitudinally and finely striated 
Tlie outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle oi red, ovaA\^e^ yellow, green, or even 
biue colouration. 
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above) the surroanding rods are wanting in the visual 
purple. 

The visual purple stands in an intimate relation to 
the pigmented epithelium of the retina, since a 
retina regains its visual purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of course, only within certain limits. 

446. (10) Tlie pigmented epItheUmn (Fig. 
186), or tapetum nigrum, is composed of polygonal pro- 
toplasmic cells, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing the 
slightly-flattened oval nucleus, and an inner part next to 
the rods and cones, which is full of pigmented crystalline 
rods (Frisch). This part is prolonged into numerous 
fine fibrils, each containing a row of the pigmented 
jmrticles, and these fibrils pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. Sunlight causes a protru- 
sion of these fibrils from the cell body, whereas in 
the dark they are retracted (Kiihne), in a manner 
similar to what takes place in pigmented connective 
tissue cells. (See par. 43.) The tint of this pigment 

I is darker in dark than in light eyes. It is bleached 

by the light in the presence of oxygen (Kiihne), but 
it persists in the absence of oxygen (Mays). 

447. The macula lutea (Fig. 187) of man and 
ape contains a diffuse yellow pigment, between the ele^ 
raents of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea centralis they are 
longest, and, at the same timta, n^t^ tlviw. Since there 

are only cones here, tVie nu^iVeV o^ \\\^ q.m\.^x \v\y«^^ict 
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layer are limited to a veiy few layers (generally aboiit 
two) next to the membrana liniitaiiH externa. For 
this reason, the rest of the outer nuclear layer ia 
occupied by the cone-fibres only, which in the fovea 
centralis pass in a slanting, or almost horizontal, 




Sect on thron^b the Uacnla Lutea ukd 



direction sideways into the outer molecular layer. 
The ganglion cells form several strata in the macula 
lutea. In the fovea' centralis are present the cones 
(very long and thin), the hmitans externa, Ihe few 
Duclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and the 
limitans interna. 

448, In the embryo, the primary optic vesicle 
becomes invaginated so as to form the optic cup, 
which consists of two layers — an outer, giving oiigin 
to the pigmented epitheUmtv, a,Tvia.\\\T»v'iT,'S&ft"^^'i^i»' 
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f<foper. In this hitter the rois and cones, with their 
lihies and the nuclei of the oater nuclear la^er, are 
represented by columnar epithelial cells (the sensory 
epitMium)^ while all the other layers — Le., the outer 
moleeolar, inner nuclear, inner molecular layer, gan- 
glicMa-cells. nerve-fibres, and limitans interna — ^are re- 
presented by a separate layer : Bnicke's tunica nervea 
or Henle's stratum nerveum. 

449. The W©04l-vessels of the retina. The 
branches of the artei-ia and vena centralis of the optic 
nerve can be traced into the retina in the layer of 
nerve-fibres and ganglion-ceUs, while the capillaries 
connecting the arteries with the veins extend as far 
as the outer molecular layer. 

The Ijrmpliaties of the retina exist as perivascular 
lymphatics of the retinal veins and capillaries (His). 
Lymph channels are present in the nerve-fibre layer. 

450. The lamina eribrosa is the part of the 
sclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the papilla 
nervi optici. In the optic nerve the fibres are grouped 
in larger or smaller groups — not bundles in the sense 
of those present in other nerves and surrounded by 
perineurium (see a former chapter) — surrounded by 
septa of connective tissue, and these groups pass 
through corresponding holes of the scleroticand choroid. 

451. The optic nerve possesses three sheaths, 
composed of fibrous connective tissue : an outer, or 
dural ; a middle, or arachnoidal ; and an inner, or 
pial, sheath — all continuations of the membranes of 
the brain. The pial sheath is the perineurium, the 
optic nerve being comparable to a compound nerve- 
bundle (see a former chapter). The dural sheath of the 
optic nerve, at its entrance into the lamina eribrosa, 
pjisses into the outer strata of the sclerotic, while the 
/ir/tchnoidal and pial sheatVva \va^^ iwto the inner strata 

of the scJerotic. OvitsiOle tlae d^vxxaN. ^^^\)a. *\^ ^ V^xx^^- 
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space — the supra vaginal space ; and also between these 
various sheaths are lymph spaces — the subdural or 
subvaginal space of Schwalbe, and the subarachnoidal 
space. The supravaginal and subvaginal spaces anas- 
tomose with one another (Michel). 

452. Around the sclerotic is a lymph space limited 
by a fibrous membrane — the Tenonian capsule : the 
space is called the Tenonian space. The supravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph clefts in the suprachoroidal 
tissue (Schwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The supracho- 
roidal lymph spaces communicate also with the sub- 
arachnoidal space of the optic nerve. 



CHAPTER XL. 

THE OUTER AND MIDDLE EAR. 

453. The meatus auditorius extemus is lined with 
a delicate skin, in structure identical with, but thinner 
than, the skin of other parts. The ceruminous 
glands have been mentioned and described before. 
The cartilage of the auricula and its continuation into 
the meatus auditorius extemus is elastic cartilage. 

454. The memlNraiia tympani separating the 
outer from the middle ear has for its matrix a firm 
stratum of stiff trabeculae of fibrous connective tissue, 
with numerous elastic fibrils and elastic membranes. 
This is the middle and chief stratum of the membrane : 
outwards it is covered with a delicate continuation of 
the skin of the meatus auditorius extemus, and inwards 
with a continuation of the delicate mucous membrane 
lining the cavum tympani. In the middle stratum of 
the membrana tympani the trabeculae radiate more or 
less from the junction of the manubrium mallei with 
the membrane ; but towards tVie ^etr^et^ TssasK^ ^sx<^ 
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also arranged in a circular direction. The former 
belong to the outer, the latter to the inner, portion of 
the middle stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cells. 

The blood-vessels form capillary networks for all 
three layers — i.e., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabeculae. The non-medullated nerve-fibres form 
plexuses for the skin and mucous layer ; from these 
pass off fine fibrils, which form a sub-epithelial net- 
work, and from this the fibrils pass into the epithelium. 

455. The tuba Gustachii is lined with a 
mucous membrane, which is a continuation of that 
lining the upper part of the pharynx, and therefore, 
like it, is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
also here, we find a good deal of adenoid tissue in the 
mucous membrane. 

- The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other parte. 

456. The cavuni tympani, including the cellulse 
mastoidese and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Ite 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions : on 
the promontory of the inner wall of the cavity, on the 
ossicula auditus, on the roof of the cavity, and in the 
cellulse mastoideae; in all other parts it is columnar cili- 
ated epithelium, like that lining the tuba Eustachii. 

457. The three ossicula auditus are osseous 
substance covered with periosteum, which is covered 
"with ihQ delicate mucosa yjis^, ^^^c7cvVi«$^. TW \i^a^ 
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ments of the bones are, like other figaments, made up 
of straight and parallel bundles of fibrous connective 
tissue. The articulation surface of the head of the 
malleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLI. 

THE INTERNAL EAR. 

458. The osseous labyrinth consists of the vesti- 
bule, prolonged on one side into the cochlea, and on 
the other into the three semicircular canals, each of 
which possesses an ampulla at one extremity. The 
vestibule shows two divisions — ^the fovea hemispherica 
next to the cochlea, and the fovea hemielliptica next 
to the semicircular canals. The cochlea consists of 
two and half turnings twisted round a bony axis— the 
modiolus. From this a bony lamina extends toward? 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends through 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or scala vestibuli, and a lower, 
or scala tympani. At the top of the cochlea the two 
^calse pass into one another by the helicotrema. The 
scala vestibuli opens into the fovea hemispherica, 
while the scala tympani at its commencement — i.e., 
at the proximal end of the first turn — would be in 
communication, by the fenestra rotunda, with the 
cavum tympani, were it not that this fenestra rotunda 
is closed by a membrane — the secondary membrana 

459. The semicircular canals start from, and return 
to, the fovea hemielliptica of the vestibule. 

The fenestra ovalis leads from the cavum tympani 
into the vestibule — its hemisplieric dvn^ssiv^ «xA *"C5k>s. 
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fenestra ovalis is, in the fresh condition, filled out by a 
membrane, in which the basis of the stapes is fixed, 
the circumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavities. These 
cavities contain the albuminous fluid called perilymph. 
But they are not filled out by this, since, in each of 
the two divisions of the vestibule, in each of the 
semicircular canals, and in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
sponding division of the labyrinth. These membranous 
structures possess a cavity filled with the same albu- 
minous fluid as above, called the endolymph. These 
structures are disposed thus — in the fovea hemispherica 
is a spherical sac, called the saccule; in the fovea 
hemielliptica is an elliptical sac, the utricle; in each of 
the three semicircular canals is a membranous semi- 
circular tube, which possesses also an ampulla corre- 
sponding to the ampulla of the bony canal. 

461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the scala media or cochlear 
duct — which also twists two and half times from the 
basis to the apex of the cochlea, and is placed against 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the scala vesti- 
buli and scala tympani. 

462. The different divisions of the membranous 
labyrinth are connected with one another in this 
manner : the three semicircular (membranous) canals 
open into the utricle ; this does not form a direct con- 
tinuity with the saccule, but a narrow canal comes off 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aquoductua vestibuli. At its distal end it enlarges 
into the saccua eiado\yTc\TpW^\cxi^,^\\A\aXfc^S5v ^^ <ileft of 
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thi) dura mater, covering the posterior surface of the 
petrous bone. The saccule is in communication ^nth 
the cochlear canal or scala media, by a short narrow 
tube — the canalis reunittis of Reichert, Thus the 
cavity of the whole memlnanous labyrinth is in 
direct communication throughout all divisions, and it 
represents the inner lymphatic space of the labyrinth. 
There is no communication between the perilymph 
and endolymph, and the cavity of the membranous 
labyrinth stands in no direct relation to the cavum 
tympani, since the fenestra ovalis and fenestra rotuuda 
both separate the perilymphatic space, or the cavity 
of the bony labyrinth, from the cavum tympani. The 
vibrations of the membrana tympani, transferred by 
the ossicula auditus to the fenestra ovalis, directly 
affect, therefore, only the perilymph. The fluctuations 
of this pass from the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other side, through the scala 
vestibuli, to* the top of the cochlea, then by the heli- 
cotrema into the scala tympani, and find their conclu- 
sion on the membrana secundaria closing the fenestra 
rotunda. On their way they affect the membrane of 
Reissner, which separates the scala media from the 
scala vestibuli, and also the membrana basilaris separ- 
ating the scala media from the scala tympani ; the 
vibrations of these membranes affect the endolymph, 
and therefore the nerve- endings (see below). 

463. Structure of semicircular canals^ 
utricle and saccule. — The memhranov^ semi- 
circular canals are fixed by stiff bands of fibrous 
tissue to the inner periosteum of the one (convex) 
side of the osseous canal, so that towards the concave 
side there is left the space for the perilymph. A 
similar condition obtains with regard to the saccule 
and utricle^ which are fixed by the inner ^«t\.QsXfc>x«v 
to one side ot the bony part. 
w—1 
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The structure of the wall is the same in the semi- 
circulu: can&ls, utricle and saccule. The above-men- 
tioned fibrous ligaments of the perioeteum form an 
vuieT coat ; inside this is a glassy- looking tunica 
ptvpria. At one side (the one away from the bone) 
this tunica propria fonuB nnmerous papillary projec- 
tions. The internal 
surface of the mem- 
brane is covei-ed witJi a 
single layer of poly- 
het&al epithelial cells. 

464. Each of the 
branches of the nervus 
vestibuU — i.e., one for 
the saccule, one for the 
utricle, and three for 
the three ampullar — 
posseesea a ganglionic 
swelling. The nerva- 
brauch, having passed 
til rough the membra- 
nous wall, enters 
special thickenings of 
the tunica propria, on 
that part of the meni- 
bi-auous wall next to 
the bone ; in the sac- 
cule and utricle the 
thickening is cslled 
miicula acmtica, in the 
ampuUte criHa iieuatica 
(Fig. 1S8) (M- Schultze). This thickening is a laige 
villous or fold-like projection of the tunica propria, 
into which pass the nerve-fibres of the Beveral 
branches. These fibres are all medullated nerve- 
fibres, and, aacendm^j towaTda the internal or 
free surface of that pTCjjwA:\o\\, ^^j-cto. s. "iJiKsassi, 
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this plexus are interspersed numerous nuclei. From 
the medullated fibres pass off minute bundles of 
primitive fibrillae, which enter the epithelium that, 
covers the free surface of the projection. 

465. This epithelium is composed of a layer of 
columnar or conical cells, between which are wedged 
in spindle-shaped cells; both kinds possess an oval 
nucleus. According to Max Schultze and others, each 
of the spindle-shaped cells is connected by its innor 
process with the nerve-fibiillae coming from under- 
neath ; whereas, towards and beyond the free surface, 
its outer process is prolonged into a long, thin, stiff, 
auditory hair. Max Schultze, therefore, calls the 
columnar cells epithelial; the spindle-shaped ones, 
sensory, 

Retzins, on the other hand, maintains that, in the 
case of fishes at any rate, the epithelial cells are those 
which are connected each with a bundle of nerve- 
fibrillse, and that each sends out over the internal free 
surface a bundle of fine stiff hairs — the auditory hairs. 
The spindle-shaped cells of Max Schultze, according 
to this theoiy, are only supporting cells. The free 
surface of the epithelium is covered with a homo- 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs. 

On the internal surface of the macula and crista 
acustica are found the otoliths, rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em- 
bedded in a gelatinous or granular-looking basis. 

466. The cocWea (Fig. 189), as has been men- 
tioned above, consists also of a bony shell and a 
membranous canal, the former surrounding the latter 
in the same way as the bony semicircular canal does 
the membranous — t.e., the latter is fixed to the outer 
or convex side of the former. The difference between 
the cochlea and the semicircular canals is this^ iha^t va. 
the cochlea there is a divinon oi tYva ^T^yas^^^a 
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space by an osseous projection — the lamina spiralis 
ossea — and by the scala media into two scalse, viz., the 
(upper) scala vestibuli, and tlie (lower) scala tympani. 

467. In the osseous modiolus are numerous 
parallel canals for bundles or groups of the fibres of 
the cochlear branch of the auditory nerve ; these 
canals open into the porus internus, in which lies a 
large ganglion connected with the nerve. 

The nerve bundles are situated in the canals of the 
modiolus, and opposite the lamina spiralis ossea are 
connected with ganglionic masses — composed of bipolar 
ganglion cells — called the ganglion spirale of Corti. 
From tliis ganglionic mass the nerve-fibres (all medul- 
lated) can be traced into the lamina spiralis ossea, in 
which they form rich plexuses extending to its outer 
maigin — i.e., as far as the membrana basilaris of the 
scala media (see below). 

468. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana basi- 
laris (Fig. 189), forming the lower and chief wall of 
the scala media, while the upper wall ^of the canal is 
formed by the membrane of Reissner, extending 
under an acute angle from near the margin of the 
lamina spiralis ossea to the outer bony shell. 

On a transverse section through the scala media 
we see the following structures : — 

469. (1) Its outer W9\\ is placed close against 
the periosteum lining the internal surface of the bony 
shell ; it consists of lamellar fibrous tissue, with 
numerous stiff elastic bands, and is the vestibular 
part of a peculiar ligament — the ligamentum spirale 
(Kolliker) — semi-lunar in cross section, and with its 
middle angular project ion ^fixed to the outer end of 
the membrana basilaris. 

470. (2) Its inner wiM is represented by an 
exceedingly delicate membrane — the membrane of 
Reissner ; this is also its upper wall, extending under 
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an acute angle fix)m the upper outer angle of the scala 
media to the lamina spiralis ossea. But here it is not 
fixed on the osseoas substance, but on a peculiar pro- 
jection on this latter — the crx9Ui spiralis (Fig. 189, w), 
which is a sort of tissue intermediate between fifaroos 
and osseous tissue, and is added to the^ vestibular 
surface of the lamina spii-alis ossea. This crista spiralis 
has on one sui-face — i.e., that directed towards the 
scala media-^a deep sulcus, called the sulcus spiralis^ 
or sulcus spiralis intemus; so that of the crista 
spii-alis there are two labia to be distinguished — ^the 
labium restibulare and the labium tympanicum ; the 
former being the upper, the latter the lower, boundaiy 
of til e sulcus spiralis. 

471. (3) The lower wall of the scala media 
is the membrana hasilarisy extending in a straight 
line between the labium tympanicum of the crwta 
spiralis and the above-mentioned projection of the 
ligamentum spirale. The scala media is lined on its 
wliole internal surface with epithelium, this only 
being derived from the epithelium forming the wall 
of the auditory vesicle of the embryo, peculiarijr 
modified in certain places. The scala tympani and 
scala vestibuli are likewise lined with a continuous 
layer of flattened cells — an endothelium, -which on 
the lower or tympanic surface of the membrane 
basilaris is somewhat modified, being composed of 
granular-looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its internal surface is of the following aspect :— 
Starting with the lower outer angle — i.e., where the 
membrana basilaris is fixed to the ligamentum spii^e 
— we find a single layer of polyhedral or short 
columnar transparent cells, lining this outer angle— 
the cells of Claudiics ; ascending on the ligamentum 
spirale, the cells become shorter, more squamous; as 
such they are found over a slight projection on the 
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outer wall — i.e., the ligamentum spirale accessorium — 
caused by a small blood-vessel, the yas prominens. 

473. Then we come to the sitria vasculaiish 
lining nearly the upper two-thirds of the outer 
wall of the scala media. It consists of a layer of 
columnar and spindle-shaped epithelial cells, between 
which extend capillary blood-vessels from the liga- 
mentum spirale, and in some animals (guinea-pig) 
clumps of pigment granules are found between 
them. 

474. Then we pass from the upper angle of the 
scala on to the membrane of Reissner. This consists 
of a homogeneous thin membrana propria, covered on 
its outer vestibular surface with a layer of flattened 
endothelium, and on its inner surface— i.e., that facing 
the scala media — with a layer of less flattened, smaller, 
polyhedral epithelial cells. 

475. We come next to the vestibular labium of 
the crista spiralis, on which are found cylindrical 
horizontal projections anastomosing with one another : 
these are the avditory teeth (Huschke). The epi- 
thelium of Reissner's membrane is continued into tlie 
grooves and pits between the auditory teeth as small 
|)olyhedral cells, but over the teeth as large, flattened, 
squamous cells, which, passing on, line the sulcus 
spiralis, and cover also the tympanic labium of the 
crista spiralis. Now we arrive at the membrana 
basilaris, on which the epithelium becomes modified 
into the organ of CortL 

476. The membrana basilaris consists of a 
hyaline basement membrane, on which the organ of 
Corti is fixed ; underneath this is the tunica propriay 
a continuation of the tissue of the ligamentum spirale, 
composed of fine parallel stiff fibrils (Hannover, 
Henle) stretched in a very regular and beautiful 
manner in the direction from the ligamentum spirale 
to the crista spiralis (Nucl). On the tympanic side 
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there is also a hyaline basement membrane. The 
endothelial cells covering this on the tympanic surface 
have been mentioned above. 

477. The orgnn ofCorti (Fig. 190).— Passing 
outwards from the epithelium lining the sulcus spiralis, 
we meet with small polyhedral epithelial cells in the 
region of the teiTaination of the lamina spiralis ossea, 
next which are columnar-looking cellB^the iwntr 
auppvrting celh; next to these is the inner hair-cell — 




i 

Fig. 190.— Oisui ot Cnrti of (lie Cochin <rf ■ OoiiKB-plg. 






a columnar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-cells form a single file along the whole 
extent of the two and a half turns of the scaJa media. 
478. Next to the inner hair-cell is l^e inner rod, or 
inner pillar, o/Corti, and next to this the outer rod, 
or outer pillar, of Corti. Each forms a single file lor 
the whole extent of the two and a half turns of the 
scala media. The two rods are inclined towai'ds one 
another, and in contact with their upper extremity, or 
liead; whereas their opposite extremity, the fool, 
rests under an acute angle on the raembrana basilaris, 
on which it Is firmly fixed. T\v« tc?*, of the rod is a 
dender, more or less cy\in4T\ttai,^\ftce— 'CQ^>^A'a. TNis. 
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outer rod is larger and longer than the inner, the 
latter being slightly bent in the middle. Owinsf to 
the position of the rods, the two files form an arch — 
the arch of Corti, Betweeii it and the corresponding 
part of the basilar membrane is a space — the tunnel 
of the arch, triangular in cross section. 

479. The substance of the rods, or pillars, of Corti 
is bright, highly refractive, and slightly and longitu- 
dinally striated. 

The head of the inner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface 
of the head of the outer rod. This latter possesses a 
process directed outwards, which is firmly applied to 
the outer process of the head of the inner rod, the two 
together forming part of the membraua reticularis 
(see below). 

The relation in size between the outer and inner 
rods is such that the head of one outer rod fits into 
those of about two inner rods. 

480. At the foot, each rod has, on the side directed 
towards the tunnel, a granular, nucleated mass of 
protoplasm, probably the remnant of the epithelial 
cell from which the lower half of the rod is derived ; 
the upper part sometimes has a similar nucleated 
remnant, proving that this also has been formed by an 
epithelial cell, so that each rod is in reality derived 
from two epithelial cells (Waldeyer). 

481. Next follow three or four rows of outer hair- 
cells, similar in size and structure to the inner hair-cells. 
Each of the outer hair-cells seen in a section belongs to 
a^ file of hair-cells, extending on the membrana basilaris 
along the whole extent — i.e., two and a half turns — 
of the scala media. Each hair-cell possesses an oval 
nucleus and a number of stiff xoda, 01c Vva^x^^ ^^s^^'^^^ 



346 Elements of HisroLOGv. [Chap.xu. 

in the shape of a horseshoe in the cater part of the 
free sarface of the cell. 

Four, and even ^ye^ rows or files of hair-cells 
(Waldeyer), arranged in an. alternating manner, are 
found in man. 

The outer hair-cells are also called the oeUs of 
Corti ; they are conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Corti is fixed by a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis {see below). 

482. Farther outwards from the last row of outer 
hair-cells are columnar epithelial cells, called tiie outer 
supporting cells of Hensen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media, ie., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
clude fat globules. 

483. The medallated nerve-lilires, which we 
traced in a former page to the margin of the lamina 
spiralis ossea, form rich plexuses in this, and pass 
through holes in it, in order to reach the organ of 
Corti on the membrana basilaris. Looking from the 
surface on this part, we notice a row of holes — the 
Jiabenula perforata of Kdlliker — a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibrillse pass there among small nucleated 
cells situated underneath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrillae 
— the inner bundle of spiral nerve-fibres — become con- 
nected with the inner hair-cells; while others — ^the 
tliree outer bundles of spiral fibrils (Waldeyer) — pass, 
between the inner rods oi CJortl, right through the 
tunnel', and, furtlier, i^exL<&\,Ta\AXi^ \feV«%«a. ^^ ^xsJua 



Ck^xLL] The Internal Ear. 347 

rods of Corti, they reach the oater hair-celK with 
which thej hecome connected (€k>ltsteiii, WaddeyerV 

484. in connection with the outer fMrocessi of th<^ 
head of the inner and ooter rods of Corti, mentioiW 
above, is an elastic hjaline membrane — ^the /«im«i«fti 
or membrana retteularis. It extends ontwanis ovor 
the organ of Corti to the sopporting cells of Heu$eiu 
and possesses holes for the tops of the outer hair^ivlU 
and their hairsw The parts of this membrane betwtvn 
the heads of the rods of Corti and between the ouu^r 
hair-cells appear of the shape of narrow ph^angt^ — 
phalanges of Deiters. A cuticular membrane ejct^mvls 
from the head of the inner rods of Corti inwnnU t\> 
the inner supporting cells : it possesses holes fi>r lht> 
tops of the inner hair-cells. 

'485. From the vestibular labium of the orUt^ 
spiralis to iho outer hair-cells of the oi^gan of OvMii 
extends a peculiar fibrillated membrane — th<^ m^^m- 
hrana teetoria. By means of it the sulcus spinUiif^ 
intemus is bridged over, and so oonvertiHi into a 
canaL 

486. As we ascend towards the top of tbo ovvhlfH^ 
all parts in the scala media decrease gmdually in w#t\ 
The organ of Corti, being of an epitheluU n»t\uv» 
possesses no blood-vessels. From the aimtouuoal 
relations of the organ of Corti, it a[>i)0(irs nuwt |mv 
bable that the pillars, or ix)ds, of Ci>rti act a« t\\^ 
supporting tissue, or framework, around whioh i\w 
other elements are grouped ; and it swma Hkoly 
that the hair-ceHs, with their rod-Kke haira projwtinjj 
freely into the endolymph, are the real sound-|>erotnviiv^ 
elements of the organ of Corti Their oonnwtiou 
with the terminal dbrillae of the norvea points in Uto 
same direction. 
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CHAPTER XLII. 

THE NASAL MUCOUS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e.g,^ tlie 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it Below the epi- 
thelium is a thick hyaline basement membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it. In many places this 
infiltration with lymph corpuscles amounts to diffuse 
adenoid tissue, or to perfect lymph follicles. 

488. The mucosa contains in its most superficial 
layer the network of capillaries, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of the mucous membrane — 
i.e., in the submucosa— are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
{e.g., guinea-pig) almost all glands are serous, and 
of exactly the same nature as those of the back of 
the tongue. In some places the mucous membrane is 
much thicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissue. 

489. In the upper or olfactory region (Fig. 191^ 
of the nasal cavity, the mucous membrane is of a 
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different tint, being more of a brownish colour ; it 
contains the ramifi cations of the olfactory nerve, and 
is the seat of the ot^an of smell. 

490. The free sur&ce is covered with H columnar 



F^. 191.— From a Section through the OIIBctor; Beglon of the 
Guinea-pig. 

epithelinm, composed of the following kinds of cells 
(Fig. 192):- 

(o) A Biiporficial layer of long columnar, or rather 
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conical, epitltelial exVs, each with an ovfil nucleus. Tn 
some placea the Jree aiirftwe of tliene cells is covered 
with a bimdle of cilia, aimil&r to the Hiiperficiiil trdlft 




.«= 
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of the resp mtoiy part of ths naaal ca itv m most 
places however tl e cilia are absent tJ e former 
cond t nn ob a ns n tho e pi cea wh h a « m close 
proxini ty to tl e rcep ratory reg on 

(6) Between the ep thel al cells extend spinrl]^' 
si aped cells each with a Bphencal or very ahghtlv 
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oval, nucleus — the sensory cells (Max Schultze). 
Each cell sends one broad process towards the free 
surface, over which it projects in the shape of a small 
bundle of shorter or longer rods; whereas a fine 
varicose filament passes from the cell body towards 
the mucosa, and, as shown first by M. Schultze, be- 
comes connected with a fibrilla of the plexus of the 
olfactory nerve-fibres. 

(c) In some places there is a deep layer of epithe- 
lial cells, each with a spherical nucleus, of an inverted 
conical shape, their pointed extremity passing be- 
tween the other cells just mentioned and their broad 
basis resting on the basement membrane. Yon 
Brunn has shown that there is on the free surface of 
the epithelium a sort of cuticle — a delicate limitans 
externa 

491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the surface. Each olfactory nerve-fibre is non- 
medullated, i.e., is an axis cylinder composed of minute 
or primitive fibrillaj, and invested in a neurilemma with 
the nuclei of the nerve corpuscles. Near the surface 
the fibres of the plexus are thin, and they split up 
into the constituent fibrils which are directly con- 
tinuous with the fine varicose processes of the sensory 
cells above named. 

492. The blood-vessels supply with capillary net- 
works the superficial part of the mucous membrane 
and the numerous glands. These are the glands of 
Bowman, extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; in 
some parts they are more or less straight In struc- 
ture they are identical with serous glands, possessing 
a minute lumen, and being lined with a layer of 
columnar albuminous cells. The duct is a very fine 
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canal ; it is that part of the gland that is situated 
in the epithelium of the free surface ; it passes vertic- 
ally through this, and consists of a fine limiting 
membrane, the continuation of the membrana propria 
of the gland-tube, and a layer of very flattened epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — i.e., by the 
number of the sensory cells ; the number and thick- 
ness of the olfactory nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
this is, the longer are the glands of Bowman. 

494. The organ of Jacobson is a minute 
tubular organ present in all mammals, and, as has 
been shown by Dursy and Kolliker, also in man. In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — the cartilage of Jacohaon 
— and opens in front directly into the nasal furrow 
(guinea-pig, rabbit, rat, (fee.) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, .how- 
ever, it terminates posteriorly with a blind ex- 
tremity. 

49.5. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i.e., the one next to 
the middle line — is lined with olfactory epithelium, 
identical with that of the olfactory region of the nasal 
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cavity. Branches of olfactory nerve-fibres also pass 
into the median wall, and behave in exactly the same 
manner as in the olfactory region. Numerous serous 
glands — belonging chiefly to the upper and lower 
wall— open into the cavity of the organ of Jacobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between the vessels are bundles of non-striped 
musculai' tissue^ thus constituting a sort of cavernous 
tissua 



CHAPTER XLIII. 

THE DUCTLESS GLANDS. 

496. I. The bypopbysis cerebri. — The upper 
or smaller lobe belongs to the central nervous system. 
The lower or larger lobe is surrounded by a fibrous 
capsule, which sends numerous minute septa into the 
interior. These split up into numerous trabeculae of 
fibrous tissue, which, by dividing and re-uniting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spaces — ^the alveoli. In these 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, pyramidal, or polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are found here and 
there small branched or spindle-shaped cells, with a 
small flattened nucleus. In some of the groups or 
alveoli of epithelial cells is a cavity, a sort of lumen, 
filled with a homogeneous gelatinous substance. 

The interalveolar connective tissue contains a 
network of capillaries. Between the alveoli and the 
interalveolar tissue there are lymph sinuses, like those 
around the alveoli of other glands — e,g,y the salivary 
glands. 
X— 1 
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497. IL The ttayrwld siBMd <I1g. 193).- 
franiework of this gl&nd is in many respects sinuiar 
to that of other glands, diere being an onter fibrous 
capsule thicker and thinner sept«, and finally the fine 
trabecule forming the septa between the gland alvecdi. 
These are closed vencUe of a sphencal or oval shape 
and of vanous sizes. Each veaide u bned with a single 
layer of polyhedral or 
columnar epithelial cell^ 
each with a sphencal or 
oval nucleus. There is a 
cavity which differs m size 
according to the size of the 
vesicle It contains, and 
IS more or less filled with, 
a homogeneous, viscid albu 
minous fluid — the so-called 
colloid In this often oc- 
cur degenerating nucleated 
lymph corpuscles and 
col nired blood corpuscles 
(Baher) 

498. The vesicles are 
Biirrounded by networks of 
blood capillarieB. In the 
connective tissue framework lie network^ (rf lym- 
phatics; between the framework and the aurface of the 
vesicles are lymph sinuses lined with endothelium 
(Baher). The large and small lymphatics are often 
filled with the same colloid material as the vesicles, 
and it is probable that this coUoid material is produced 
in the vesicles, and carried away by the lymphatica, 
to be finally diachar^d into the circulating blood. 

499. Its formation in the vesicles is probably due 
to an active secretion by the epitheliftl oells of the 
vesicles, and to a mixture with it, or maceration by 
it, of the effused blood mentioned above. Ld. some 
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matances Baber found the 




amount of blood effused 
into the cavity of 
the vesicles very 
considerable, and 
hence it is justifi- 
able to assume tJiat 
the destruction of 
red blood-corpus- 
cleB forms one of 
the functionsof the 
thyroid gland. 

500. III. The 
snprareDal 
bodies (Fig. 194). 
— The suprarenal 
body is enveloped 
in a fibrous cap- 
sule ; in connection 
with this are septa 
and trabecuhe pass- 
ing inwards, and 
they are arranged 
differently in the 
cortex and in the 
medulla of the 
gland, aa -will be 



The cortex of 
the gland consists 
outer, mid- 



dle. 



and 



tJtrongli s 



, all three be- 
ing directly con- 
■ tinuous with one 
another. The outer 
one is the zona 
glitrmer^dota : it contains nnmerous spherical, or, 
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more commonly, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or oval nucleus. In some animals — as the 
dog, horse — the cells are thin and columnar, and 
arranged in a transverse manner. Occasionally a sort 
of lumen can be discerned in some of these cell masses 

601. Next follows the middle zone, or zcytux 
faaciculata. This is the most conspicuous and 
broadest part of the whole gland. It consists of 
vertical columns of polygonal epithelial cells, each 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globule. The columns 
anastomose with their neighbours. Between the 
columns are fine septa of connective, tissue carrying 
blood capillaries. 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
the columns. 

502. Next follows the inner zona, or zona reticu- 
laris, composed of smaller or larger groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual ceUs are slightly larger, and their substance is 
less transparent than those of the zona fasciculata. In 
the human subject they are slightly pigmented. 

503. In the medulla we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissue. The cells are polyhedral, 
columnar, or branched. These cell-streaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

504. The cortex is richly supplied with dense 
networks of capillary blood-vessels ; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In the meduPa 
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numerous plexuses of veins are met with. In the 
centre of the suprarenal body lie the large efferent 
venous trunks. In the capsule (Kolliker, Arnold), 
and in the connective tissue around the central veins, 
are plexuses of lymphatic tubes with valves. The 
nerves are very numerous, and composed of non- 
medtillated fibres; in the medulla they form rich 
plexuses. In connection with these and with those of 
the outer capsule are small ganglia (Holm, EberLh). 

505. lY. The grlandula coccyg^ea and in- 
tercarotica* — ^The first of these is a minute corpuscle 
situated in front of the apex of the os coccygis, and 
was discovered by Luschka. The gland ula carotica 
of Luschka (ganglion intercaroticum) is of exactly the 
same structure as the glandula coccygea. 

506. Its framework is of about the same nature as 
that of other glands — a fibrotis capsule and inner 
fibrous septa and trabeculae. The septa and trabeculae 
contain in some places bundles of non-striped muscular 
tissue (Sertoli). 

507. The spaces of the framework are occupied by 
the parenchyma. This consists of spherical or cylin- 
drical masses of cells connected into networks. The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus. According to Luschka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-masses lies a capillary blood-vessel, 
much convoluted and wavy. 

Numerous non-medullated nerve-fibres forming a 
plexus are situated in the framework of the gland. 
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El^mOTtSy flbrlllie, 118 
fibrils, SI 

EnamXl'B 

cap, 185 „ 

ceflB, 185. 18/ 

org.i,lW,ie7 

SSST'rf Kanss. 121, m, 

EndcSho^i totmation of bono, 

AS 
B iidoiiiyBLuni, 70 
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Brainsand, 170 

Bronchi, 69, 232 

Brownian molectilar morement, 

199 
Bruch, Glands of, 909 
Biiicke's elementery organisios, 5 

oikoid and zooid, 14 

tunica nervea, 3Se2 

Bnmner's glands, 220, 221 
Buccal glands, 197 
Bulbus ollactorius, 166 
Biitschli's nuclear spindle, 9 

Calcification of bone. 50 

of cartilage, 50 

of dentine, 66 

Caliceo of kidney, 243 
Canal of Schlemm, 314 

of Stenson, 352 

of StiUing, 322 

Canalis hyaloideus, 322 

Petiti, 322 

reunions, 837 

Canaliculi in bone, 55 

in cartilage, 51 

Capillaries of marrow-bone, 87 

of nerve system, 86 

Capillary bile-ducts, 225 

blood-vessels, 86, 212 

lymphatics, 92 

network in mucosa, 200 

sheaths, 241 

Capsule, External, of brain, 169 

, Internal, of brain, 169, 170 

of aiisson, 222 

of kidney, 69 

of the spleen, 69, 233 

Cartilage, 48 

Articular, 60, 64 

cells, 33, 51 

, Elastic, 52 

, Fibrous, 61 

, Hyaline, 49 

, Lacunae, 49 

of Jacobson, 352 

of Luschka, 227 

Cavernous tissues in genital 

organs, 269 
Cavities of tendon sheaths, 94 
Cavum tympani, 334 
Cells, 5 

, Muscular, of blood-vessels, 69 

, of intestine, 69 

, of respiratory organs, 69 

, of stomach, 69 

, of urinary organs, 69 

in tadpole's tail, 37 

of Claudius, 342, 346 

CellnleB mastoiden, 33 )i 



Cellular tissue, 85 
Cement of teeth, 179, 182 

^jsubstance, 180 

of endothelium, 27 

of epithelium, 19 

of fibrous tissue, 34 

Central canal, 134 

grey nucleud, 140 

Centroacinous cells, 222 
Centrum ovale, 163, 164 
Cerebellum, 156, 159 
Cerebrum, 156, 163, 164 
Ceruminous glands, 292. 333 
Cervix of uterus, 280 
Chalice cellf*, 24 
Chondnn, 33, 43 
Chondroclasts, 66 
Choroidal portion of ciliaiy 

muscle, 68 
Choroid membrane, 318 
Chromatin, 7 
Chyle, 217 
Ciliary muscle, 69, 315 

nerve, 170 

processes, 317 

Ciliated cells, 23 
Circnlus arteriosus in iris, 817 
Circumanal glands, 292 
Cisterna lymphatica magna, 95 
Clarke's columns, 143, 146 
Claustrum, 166, 169 
Cleavage of ovum, 2 

of white blood corpuscles, 17 

ClitoiiB, 284 

Cochlea, 335, 339 

Cohnheim's areas, 76 

Colloid, 354 

Colostrum corpuscles, 237 

Coloured blood corpuscles, 12 

Colourless blood corpuscles, 15 

Columnar epithelial cells, 19 

Commissure, Qrey, of spinal ooid, 

134 

, White, of spinal cord, 141 

Compound lymphatic glands, 104 

Conarium, 170 

Concentric bodies of TTng i fflll ^ 103 

lamallEB, 56 

Cone fibre, 331 
Cones of retina, 328 
Coni vasculosi, 265 
Conjunctiva, 303 

blood-vessels, 308 

bulbi. 308 . 

lymphatics, 308 

nerves, 309 

— palpebrsB, 308, 308 
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Contrnotilil7 of corneal oor^ 
pnsoles, w 

of pigrmeDt cells, 25 

Conyolation in brain, 164 

in nacleos, 8 

CordsB tendmesB, 81 
Cords of adenoid tisane, 100 
Coriam, 288 
Cornea, 22, 310 

, nerves in, 298 

Corneal cells, 88 

corpuscles, 36, 312 

Comu Axnmonis, 164, 165 
Comua uteri, 281 
Corona radiata, 170 
Corpora albicantia, 168, 170 

cavernosa, 69, 269 

quadrigemina, 167 

striata, 168, 169 

Corpus callosum, 164 

Highmori, 257 

luteum, 276 

restif orme, 150 

spongiosum, 269 

Corpuscles, Malpighian, 240, 243 

of blood, 12, 18 

of bone, 56 

• of connectiye tissue, 38 

of Grandry, 126 

of Herbst, 121, 124 

of lympb, 96, 99 

of Meissner, 121, 124 

of muscle, 76 

of nerve, 114 

of Pacini, 121, 127, 305 

of Vater, 121 

, Tactile, 121, 124 

Corti's arch. 345 

ceUs, 346 

ganglion, 341 

rods, 344 

Cortical layer of ovary, 272 

lyiupb-sinus, 107 

Costal cartilages, 49 

pleura, 95 

Cowper's glands, 268, 284 
Cremaster intemus, 266 
Crescents of Gianuszi, 19 
Cricoid cartilage, 49 
Crista acustica, ^ 

spiralis, 342, 347 

Crus cerebri, 148, 168 

-^ , Crusta of, 170 

Cmsta petrosa, 179 
Crypts, 101 

of Lieberktihn, 214, 221 

Cuticle of Kasmyth, 180, \6i 
Cutis anserina, 301 
vera, 288 



Cystic duct, 69 
Cytogenous tissue, 98 

Deiters' cells, 157, 346 

phalanges, 347 

processes, 147, 151 

Demilunes of Heidenhain, 193 
Dentinal canals, 181 

fibres, 66, 181 

sheaths, 181 

tubes, 66 

Dentine, 66, 180, 181 
Descemet's membrane, 47 
Diapedesis, 88 
Diaphragm, 79, 94 
Diaster stage in nucleus, 10 
Diffuse adenoid tissue, 99 
Dilatator pupilte. 69, 317 
Direct division, 7, 11 
" Disc tactil," 127 
Discus i>roligeras, 275 
Disdiaclasts. 80 
Dispireme, 10 

Distal convoluted tubes, 252 
Division, Bemak's mode of, 7 
Doy&re's nerve-mount, 131 
Ductless glands, 353 
Ducts of pancreatic gland, 69 

of tali vary gland, 69 

Ductus ejaculatorii, 267 
Dura mater, 133 
Dural sheath, 332 

Ear, External, 333 

, Internal, 335 

Efferent lymphatics, 108 

medullated nerve-fibres, 122 

veins, 42 

Elastic fenestrated membrane of 

Henle, 47 
Elastin, 46 
Electric nerve, 116 
Eleidin, 22 
Elementary fibrillsB, 113 

fibrils, 34 

organisms, 4 

Enamel, 179 

cap, 185 

cells, 185, 187 

organ, 184, 187 

prisms, 179 

End-bulbs of Krause, 121, 125, 

309 
Endocardium, 80, 82 
Endochondral formation of bono, 

58 
Endolymph, 336 
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Endoneoriam, 111 
Endothelial oell«*, stmctaro, 87 

membrane, 27 

Endothelium, 27 
Endoiheloid cell-pl«te8^ 96 
Enfcelmann's lateral diso, 72 
Epioerebral space, 157 
Epidormia, 21, 288 
Epididymis, 69. 264 
Epifirlottis, 52, 99 
Epineurium, 110 
Epithelial cells, 18 

, Division of, 26 

, Regeneration of, 26 

Epitlielium, 21 
Epitheloid layer, 59 
Eustachian tube, 334 
External arcuate fibres, 153, 158 

capsule of brain, 169 

Eye, 303 

lashes, 306 

Ud8,305 

Fasciffi, 93 
Fascicles, 70 
Fasciculus cnneatus, 150 

gracilis, 160 

of Qoll, 138, 150 

of Tiirk. 138, 148, 151 

pyramidal direct, 138 

Fat cells, 41 

and starvation, 44 

Femur, 64 
Fenestra oval is, 335 

rotunda, 335 

Fenestrated membrane, 82, 35, 
133 

of Henle, 83 

Fertilisation of ovum, 2 

Fl )rse arcuatffi, 311 

1« ibres. Connective tissue, 83 

, Elastic tissue, 53 

of muscle, 66, 70, 78 

of nerves, 109 

of Purkinje, 81 

Fibrillae of connective tisane, 34 

of muscle, 68 

of nerve, 113 

Fibro-cartilage, 51 

Fibrous tissue development, 45 

FiUet, 167 

Fissura orbitalis, 69 

Fissures, of spinal cord, 136 

Foetal tooth papilla, 185 

Follicles, Lieberktihn's, 214 

■5 , Lymph, 98, 100, 108 

— -, Sebaceous, 300 

Thymus, 102 

Fornix conjunctivee, 808 
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Fornix TBginiB, 288 
Fossa glenoidaliSjU. 

navicolaris, 26RB 

patellaris, 822 

Sjlvii, 166 

Fovea centralis, 8^, S20, 880 

hemielliptica, SS5 

hemispherica, 336 

Fundus, 280 

Funiculus of Bolando, 150 

Gall-bladder. 69 

Ganglia, Cerebro-spinal, 144, 147 

, Sympathetic, 176 

Ganglion cells, 144, 171 
Gasserian ganglion, 170 
Gelatinous tissue, 4& 
Geniculate ganglion, 170 
Genital corpuscles of Krause, 128 

end-corpusole9, 121 

organs (male), 257 

(female), 271 

Germ reticulum of ron Ebner , 261 
Germinal endothelial oellB, 80 

epithelium, 278 

spots, 1, 278 

vesicle, 1, 278 

Germinating cells, 81 
Giralde's organ, 265 
Gland, Prostate, 267 
Glands, Bartholmi, 284 

Bruuner, 220, 221 

Buccal, 197 

Carotic, 357 

Ceruminous, 292, 888 

Coccygeal, 857 

Harder, 810 

Krause, 308 

Lachrymal, 809 

Lieberkiihn's, 19 

Littr^'s, 268 

Lymphatic, 86, 90, 106 

Meibomian, 806 

Mohl, 306 

Mucous, 189, 202 

Peptic, 206 

Peyer, 101, 216 

Pyloric, 207 

Salivary, 188 

Sebaceous, 801 

Solitary^ 101 

Submaxillary, 189 

Sweat, 290 
Glandules agminatsB, 211 

lenticulares, 211 

Paccliioni, 156 

uterinaB, 280 
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Glassy membrane, 285 
Glisson's capsule, 2^ 
Globulin, 14 
Globus major, 265, 
Glomernle, 166 
Glyo(^eu, 16 
Goblet cells, 20, 24 
Graafian follicles, 272, 277 
Grandry's corpuscles, 126 
Granular formation of Meynert, 
166 

layer of Purkinje, 182 

Granules in blood, 17 
Granulosa, membrana, 273 
Grey commissure, 134 
Ground lamellae, 56 

plexus of Arnold, 127 

substance, 123 

Growing capillaries, 88 

Habenula perforata, 346 
Hffimatin, 15 
Haematoidin, 15 
Haematoplasts, 17 
Heemin crystals, 15 
HsBmoglobin, 14 

crystals, 15 

Hair, 292 

bulb, 296, 299 

, Development of, 299 

fibres, 296 

folUcles, 292, 294 

knob, 299 

^ Marrow of, 296 

, New formation of, 298 

papilla, 299 

, Boot of, 296 

sbeatb of, 295 

sac, 294 

, Shaft of, 293. 297 

Harder's gland, 310 
Haversian canals, 56 

lamellee, 56 

spaces, 57 

Heart and blood-vessels, 80 
Helicotrema, 335 
Hemisphere of brain, 159 
Henle, Fenestrated membranes 
of, 47, 83 

, Fibres of, 47 

, Sheath of. 111 

, Stratum nerveum of, 332 

, Tubes of, 250 

Hensen's cells, 346 
Hepatic cells, 224 

duct, 69 

lobules, 223 

veins, 224 

Herbst, Corpuscles of, 121, 121 



Hilum of glands, 104 

of salivary glands, 190 

of spleen, 239 

Hippocampus, 16(i 
Homogeneous elastic membranes, 

47 
Howship's lacnnes, 66 
Hyaline cartilage, 49 
Hyaloid membrane, 322 
Hypophysis, 168, 555 

Ileum, 216 

Incremental lines of Salter, 182 

Incus, 335 

Indirect division, 8 

Infundibula, 69, 168, 170 

of bronchiole, 233 

of gland, 198 

Inner molecular layer, 326 

nuclear layer, 326 

Interarticular cartilages, 51 
Interfascicular spaces, 36, 38 
Interglobular spaces of Czurmak. 

182 
Interlobar ducts, 190 
Interlobular bile-ducts, 225, 22*? 

connective tissue of liver, 222 

duct 3, 190 

Intermediate cartilage, 51 

disc, 74, 75 

plexus, 127 

zone, 211 

Intermembranons formation of 

bone, 58, b5 
Intermuscular fibrils, 128 
Internal capsule of brain, 169 
Interstitial lamellflB, 56 
Intervertebral discs, 51 
Intestine, Large, 212 

, Small, 212 

Intima of Hrteries, 82, 83 
Intralobular bile-vessels, 225 

ducts, 190 

Intranuclear network, 6 
Iris, 315 

, Blood-vessels of, 317 

, Lymph-clef CR of, 317 

, Lymph-sinuses of, 317 

, Nerve-fibres of, 317 

Island of Beil, 169 

Jacobson's organ, 352, 363 

Earyokinesis, 8, 51, 259 
Karyomitosis, 8, 9 
Kidney, 242 

, Afferent arterioles of, 253 

blood-vessels, 2Si 
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Kidney lymphatics, 22^.227, 256 

parencnyona, 244 

vessels, 254 

KoUiker's osteoclasts, 66 

Labia pndendi xnajora, 301 
Labium tympanicnm, 342 

vestibniaro, 342 

Labyrinth, Osseous. 333 
Lachrymal glands, 303 
LaconsB Morgagni, 268 

of bone, 65, 56 

of cartilage, 49 

of lymphatics, 92 

Lamellffi of bone, 57 

of cornea, 311 

of lens, 321 

Lamina oribrosa, 332 

elastica of cornea, 310 

f usca, 313 

reticularis, 347 

spiralis ossea, 335 

vitrea, 316, 320 

Langerhans' granular layer, 22 

Lfirynx, 227 

Lateral basilar process, 165 

nucleus, 151 

tract, 149 

Lens, 320 

fibres, 321 

stars, 321 

Lenticular glands, 101 
Ligamentum denticulatum, 134 

latum, 69 

pectinatum, 314 

pulmonis, 233 

spirale accessorium, 328, 343 

suspensory of lens, 332 

Limitans externa, 327 

interna, 325 

Lines of Schr^er, 182 
Liquor foUiculi, 274 

sanguinis, 12 

Littr^'s glands, 268 
Liver, 94, 2;i2 

, Vessels of, 223, 224 

Lobes of pancreas, 221 

of salivary gland, 190 

of thymus gland, 102 

of lung, 233 

Lobules of liver, 223 

of lung, 233 

of salivary glands, 190 

of thymus gland, iu2 

Lung, 94, 232 

blood-vessels, 236 

lymphatics, 236 

Lymph, 96 

Lymphatic capillaries, 92 



Lymphatic clefts, 85, 92 

glands, 86, 90, 106 

rootlets, 92 

sinuses, 94, 107 

tissue, 91 

vessels, 85, 90, 98 

Lymphatics, 69, 212 

in mucosa, 200 

Lymph-canal system in cornea, ' 

canalicular system, 92, 96, 3 

cavities, 94 

corpuscles, 96. 99 

follicles, 98, 100 

hearts, 96 

Lymphoid cells, 31 

Macula acusiica, 338 

lutea, 325, 326, 329, 330 

Malleus, 335 

Malpighian corpuscles of kidney, 

246 

of spleen, 240 

pvramids of kidney, 244 

stratum of skin, 21 

Mammary gland, 284 
Manubrium mallei, 333 
Marrow of bone, 53 
Matrix of osseous substance, 55 
Meatus auditorius externum', 3Ji 
Meckel's ganglion, 170 
Media of arteries, 82 
Median lateral fissure, 138 
Mediastinum testis, 257 
Medulla oblongata, 1^ 

of gland, 105 

Medullary cylinder?, 106 

lymph-sinuE>, 107 

ray, 244 

sheath of nerve-fibres, 113, lU 

MeduUated nerve-fibres, 112, 120, 

143 
Meibomian glands, 306 
Meissner's corpuscles, 200, 305 

plexus, 178, 212, 219 

Membrana basilaris, 342, 313 

chorio capillaris, 319 

Descemeti, 312 

granulosa, 273 

hyaloidea, 322 

reticularis, 347 

secundaria, 337 

supra-choroidea, 318 

tectoria, 347 

tympani, 338 

Membranes of Krause, 71 
Mesencephalon, 166 
Mesentery, 94 
Mesogastrium, 32, 94 
Metakinesis, 10 
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Migratory cells, 44 

Milk, 287 

globules, 288 

tooth, 187 

Modiolus, 335, 341 

Motor ganglion cells, U7 

Movement of cilia, 24 

Mucin, 25 

Mucosa, 199 

—7-, Lymph follicles of, 211 

Mucous cells, 193 

glands, 189, 202 

membrane, 199 

Muco-salivary glands, 189 

Mucus, Formation of, 25 

Miillers fibres, 325 

muscle, 315 

Muscle bundles, 68 

cells, 68 

column, 72 

■ corpuscles, 73^ 

fibres. ^, 78 

flbrillaB, 71, 73 

tissue. Striped, 70, 199 

r;^ —, Non-striped, 67, 69 

■muscular compartments, 71 
Muscularis externa, 207 

mucosas, 68, 206 

Musculus ciliaris Eiolani, 306 

Myeloplax, 6 

Myeloplaxes of Eobiu, 54, 66 

Nail, 302 

cells, 303 

groove, 302 

substance, 303 

Kasal mucous nieuibrane, 348 

septum, 49 

Nerve bundles, 110 

corpuscles, 114 

end plate, 131 

endings, 118, 121 

fibres, 109 

— -- plexus, 112, 117, 120 
Network of flbrillaB, 117 
Neurilemma, 114 
Neuroglia, 139 

cells, 139 

fibrils, 139, 157 

of Virchow, ^ 

tissue, 136 

Neurokeratin, 113, 115, 328 
Nipple, 69 

Nou-meduUated nerve-flbres, 117, 

Nuclear layer in bnlbus olfac- 
tonus, 166 

■ membrane, 6 

— — substance, 6 



Nuclear zone, 320 
Nucleoli, 6 

Nucleus, Structure of, 6 ' 
Nucleus candatus, 169 

cuneatns, 153 

dentatus, 153 

— - gracilis, 153 

lenticularis, 169 

Nuclei, Inner, of retina, 326 
- — , Outer, of retina, 327 
NymphaB, 284 



Odontoblasts, 181, 182, 187 
CEsophagus, 205 
Oil-globule, 41, 42 
Olfactory xiells, 351 

nerves, 117, 166 

Olivary bodies, 149 

nucleus, 153 

Omentiim of cat, 31 

of frog, 95 

— ^ of guinea-pig, 42 
— of rat, 34 

, Structure of, 35 

Optic nerve, 332 

nerve-flbres, 325 

tract, 169 

vesicle, 331 

Ora serrata, 325 

Organ of Corti, 343, 344. 347 

of Girald6, 265 

- — of Jacobson, 352, 353 
Ossein, 55 

Osseous labyrinth of ear, 321 
lamellae, 55 

——substance from osteoblasts. 
65 

Ossicula auditus, 334 
Ossifying cartilage, 51 
Osteoblasts forming bone, 53, eO 
65 * * 

Osteoclasts, 66 
Osteogenetic layer. 52 
Otoliths, 339 
Oval nucleus, 41 
Ovary, 69, 271 

, Development of, 277 

, Lymphatics of, 282 

, Nerves of, 282 

Oviduct, 69, 279 
Ovum, 1, 273 



^o'^?r*^°'^^^^®^' 121, 127, 268, < 

Palate, 197 
PalmsB plicatBB, 280 
Pa'pebrae, 308 
Pancr. as, 220, 221 
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Papilla circnmvallata, 202 
.; — filiformis 201 

f oliata, 203 

fuogiformiB, 201 

nervi optici, 324 

Papillary hair of Unna, 2M 

muscle, 81 

Paraglobnlin, 14 
. Parenoh jma of testis, 267 
Pareuchjmatons cartilaf^, 51 
Parietal ceils, 210 
Pars ciliaris retinse, 318, 320, 325 

xnembranacea, 268 

prostatica, 268 

Pedunculated hjdatid of Mor- 

gagni, 265 
Pednnculus cerebelli, 150, 159 
Penis, 269 

corpora oaveniosa, 269 

nerve-endings, 126 

Peptic glands, 2U8 
Peribronchial lynaphatics, 232,237 
Pericardial cavities, 94 
Pericellular space, 147 
Perichondrium, 48, 49 
Perilym|>h, 336 
Perimysium, 70 
Perineurium, 110, 127 
Periosteal bone, 62, 65 

formation, 58 

processes of Virchow, 58 

Periosteum, 53 

Peripheral nerve-endings, 118, 121 

Peritoneal cavities, 94 • 

Peritoneum, 69 

Perivascular lymphatics, 95, 237 ■ 

lymph spaces, 158 

spaces of His, 147 

Pes, 168 

Peyer's glands, 101, 216 

patch, 101 

Pharynx, 201 

tonsil, 100, 201 

Pia mater, 86. 133 
Pial sheath, 332 
Pigment cells, 25, 39 
Plasma, 12 

cells, 44, 106 

Pleura pulmoiialis, 69, 233 
Pleural cavities, 94 
Plexus choroideus, 157 

myentericus, 212, 218, 229 

Meissner, 212, 219 

venosus vatriualis, 283 

PlicEB villosaB, 208, 215 
Pons Varolii, 161, 166 
Porta hepatis, 222 
Portio Mulleri, 315 
'—— va^rinalis uteri, 280 






Posterior neorve roots from spinal 

cord, 142 
Prickle cells, 23, 25 
Primitive dental groove, 184 

fibrillflB, 113, 117, 144 

Primitive fibrils, 73, U9 

ova, 277 

Prostate, 267 
Protoplasm, 1 

, structure of, 6 

Protoplasmic membrane, 41 
Proximal convoluted tubule, 248 
Pulp tissue, 240 
Pulvinar, 169 

Purkinje's ganglion cells, 159, 160 
Pyloric glands, 207, 210 
Pyramid of Ferrein, 246 
Pyramidal decussation, 148 
tracts, 148 

Band cai»sulares, 226 
Banvier's constrictions, 114 

nodes, 114 

Baphe, 153, 163 
Bed blood corpuscles, 13, 14 
Beissner's membrane, 341, 343 
Bemak's fibrous layer, 83 

nerve-fibre, 117 

Bete Malpighii, 21 

mucosum, 21 

testis, 264 

Beticular cartilage, 52 

formation, 163 

Betina, 323 

, Bliiid spot of, 324 

, Blood-vessels of, 832 

, GkingUon cells of, 3i6 

, Lymphatics of, ^32 

Bhabdia of Eiihne,.76 
Bhodopsin of Kilhne, 329 
Bods and cones, 328 
Bollett's secondary substance, 72 
Bosette stage in nucleus, 9 
Kugfls, 282 

Saccules, 336, 337 

Saccus endolymphatioos, 896 

SaUva, 199 

Salivary cellf, 192 

glands, 188 

Blood-vessels of , 196 

Ducts of, 190 
-, Lobes of, 190 
, Lobules of, 190 

Lymphatics of, 196 

— = , Nerves of, ls)6 

Sarcode of Dujardin, 5 
Sarcoglia, 76 
Barcolemma, 71, 72, 78 
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Sarcoplasma, 71, 72, 73 
Sarcoplasts, 78 
Scala tympaBi, 335 

vestiboli, 335 

Scholtze's protoplasm, 5 
Soliwaim's cells, 5 
Sclerotic, 313 
Bcrotum, 68 
Sebaceous follicles, 30D 
Semicircular canals, 33^, 336 
Semilunar Yalves, 81, 92 
Seminal cells, 261 

tubules, 260, 266 

Sensory ^nglion cells, 147 
Septum dstemce lymphattcffi, 32 
Serous glands, 188, 198 

membranes, 95 

Sesamoid cartilages, 51 
Sbarpey's perforating fibres, 57 
Sheath of Henle, 122, 125 

of Schwann, 114 

Simple axis cylinders, 117, 120 

lymphatic glands, 98 

Skin, 288 

blood-vessels of, 303 

lymphatics of, ^4 

, Nerves of, 304 

Solitary glands, 101 

lymph follicles, 212 

Spaces of Fontana, 314 
Spermatoblasts, 261 
Spermatozoa, 263 
Sphincter pupillas, 316 
Sphinct^», 69 
Spinal cord, 133 

grey matter, 134, 142 

white matter, 134, 13d 

Spital tubule, 250 
Spireme convolution. 
Spleen, 238 

1 Capsule of, 238 

, Lymphatics of, 242 

, Nerve-flbres of. 242 

, Parenchyma of, 239 

, Pulp of, 24J 

, Bed blood corpuscles of, 18 

^ Trabeculse of, 240 

Spongy bone substance, 57 
Squamous epithelial ceils, 20 
Sternal cartilage, 50 
Stigmata, 88 
Stomach, 207 
Stomata, 31. 88, 95, 237 
Stratified columoar epithelium,23 

pavement epithelium, 22 

Stratum adiposum, 290 

cinereum, 167 

comeum, 21, 288 

gelatinosum, 168 
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Stratum glomerulosom, 166 

lucidum, 21 

Malpighii, 288 

opticum, 167 

Stria vasculaJris, 343 

Stroma, 14 

Subarachnoidal spaces, 91, 

156, 333 

tissue, 134 

Subcutaneous lymphatios, 94 

tissue, 289 

Subdural spaces, 94, 133, 157 
Subendocardial tissue, 80, 81 
Subepithelial endothelium of De- 

bove, 37 
Subhyaloid cells, 322 
Submaxillary ganglion, 170 
Submucbsa, 1^ ■ 
Submucous lymphatics, 94 
Subpericardial nerve branches, 

8i 

tissue, 80 

Substantia gelatinosa, 140 

nig[ra, 168 

Subvatfinal space, 333 
Sudoriferous canal, 290, 291 
Sulcus hippocampi, 166 

spiralis, 342, 343 

Superior pedunoulus cerebelli, 

169 
Suprachoroidal tissue, 314 
Suprarenal bodies, 355 
Supravaginal space, 3:i3 
Sweat glands, 69, 290, 304 
Sympathetic system, 173 
Synovial cavities, 94 

Tactile corpuscles, 121, 12 & 

hairs, 300 

Tapetum nigrum, 316, 318, 320 

330 
Tarsal plate, 306, 308 
Taste buds, 204 

cells, 205 

goblets, 202, 201 

Teeth, 179 

cement, 182 

develop 11 ent, 183 

pulp, 182 

Tegmental cells, 205 
Tegmentum, 167, 168 
Teichmanu's crystals, 15 
Tendon cells, 35 
Tendons, 93 
Tenonian capsule, 333 

space, 333 

Tensor choroidese, 315 
Terminal bronchi, 2J4 
Testis, 257 
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Thalamencephalon, 168 
IhalamoB opticus, 161, 168, 169 
Thoracic duct, 90 
Thymus follicles, 102 

gland, 102 

Thyroid cartilage, 49 

gland, 354, 355 

Tongue, 201 

, Serous glands Qf , 202 

Tonsils, 101 

Touch-cells of Merkel, 121, 125 

— -corpuscles of, Merkel, 120 
TrabeculsB camesB, 81 

of lymphatics; 69 

-; — of spleen, 69 
Trachea, 49, 69, 229 
Tractus olf actorius, 166 

opticus, 169 

Transitional epithelium, 23 
Transverse diac, 75 
Tuba Eustachii, 334 
Tuber cinereum, 168, 170 
Tubercle of Bolando, 151 
Tubes of epididymis, 266 
Tunica adnate, 257 
albuginea, 257 

— dartos, 69 

fibrosa, 275 

propria, 343 

vaginalis, 257 

Tyson's glands, 269 

Ureter, 243, 258 
Urethra, Female, 283 

, Male, 268 

Urinary tubules, 244 
Uterus, 68, 279 
Utricle, 33d 
Uvea, 316 

Vagina, 69, 282 
Varicose nerve-fibres, 116 
Vas deferens, 69, 26 1 

rectum, 264 

Vasa efferentia, 264 
Vascularisation of cartilag<i, 53 



Vater's corpuscles, 12l 

Veins, 69, 85 

, Intima of, 85 

, Media of, 85 

of the bones, 84 

Veins of the brain, cord, gravid 
uterus, membranes, and retina, 
86 

, Valves of, 85 

Vena axillaris, azygos, cava, cru- 
ralis, hepatica, intima, iUaca, 
mesenterica, poplitea, renalis, 
spermatica, and umbilicalis, .86 

jugularis, and subclavia, 86 

VensB rectsB, 255 

stellatSB, 255 

vorticosEB, 320 

Venous radicles, '^40 

sinuses, 240 

Ventricle, Fourth, 154 

Ventricles, 82 

VesiculBB seminales, 69, 266 

Vestibulum, 284 

Virchow's crystals, 15 

Visceral pericardium, 80 

I>eritoneum, 205 

Vitreous body, 322 

White blood corpuscles, 15, 16 

commissure,' 141 

fibrous tissue, 32, 33 

substanca of brain, 158 

of cord, 116 

of Schwann, 113, 114 

Wolffian body, 272 

Wreath arrangement of nucleus, 9 

Yellow elastic cartilage, 52 
tissue, 46 

Zona fasciculata, 356 

glomerulosa, 355 

pellucida, 273 

reticularis, 356 

vasculosa, 271 

Zonula ciliaris, 322 
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